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FIGURE 1 1f 



A TUBULAR LINER 



Background of the Invention 

This invention relates generally to a tubular 
liner, and in particular to a tubular liner for 
wellbore casings that are formed using expandable 
tubing. 

Conventionally, when a wellbore is created, a 
number of casings are installed in the borehole to 
prevent collapse of the borehole wall and to prevent 
undesired outflow of drilling fluid into the formation 
or inflow of fluid from the formation into the 
borehole. The borehole is drilled in intervals whereby 
a casing which is to be installed in a lower borehole 
interval is lowered through a previously installed 
casing of an upper borehole interval. As a consequence 
of this procedure the casing of the lower interval is 
of smaller diameter than the casing of the upper 
interval. Thus, the casings are in a nested 
arrangement with casing diameters decreasing in 
downward direction. Cement annuli are provided between 
the outer surfaces of the casings and the borehole wall 
to seal the casings from the borehole wall. As a 
consequence of this nested arrangement a relatively 
large borehole diameter is required at the upper part 
of the wellbore. Such a large borehole diameter 
involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of 
drilling fluid and drill cuttings. Moreover, increased 
drilling rig time is involved due to required cement 
pumping, cement hardening, required equipment changes 
due to large variations in hole diameters drilled in 
the course of the well, and the large volume of 
cuttings drilled and removed. 
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The present invention is directed to overcoming 
one or more of the limitations of the existing 
procedures for forming new sections of casing in a 
wellbore. 
5 Summary o f the lnv«n^<o» 

According to one aspect of the present invention, 
there is provided a tubular lining comprising.- a first 
tubular portion having a first inside diameter; a 
second tubular portion having a second inside diameter; 
y an intermediate tapered tubular portion for coupling 
the first and second tubular portions to each other; 
and one or more sealing members coupled to the exterior 
surface of at least one of the tubular portions; 
Wherein the first inside diameter is greater than the 
second inside diameter; and wherein at least one of the 
first and second tubular portions define one or more 
pressure relief passages. 

According to another aspect of the present 
invention, there is provided a tubular liner 
comprising: a first tubular portion having a first 
inside diameter; a second tubular portion coupled to 
the fxrst tubular portion having a second inside 
diameter; and a third tubular portion coupled to the 
second tubular portion having a third inside diameter; 
wherean the first and third inside diameters are both 
greater than the second inside diameter; wherein the 
second tubular portion includes one or more external 

Ind r I T"' "^^""''^ '^^'^ °- the first 
and third tubular r^n^rs define one or „ore relief 
passages . 

Brief Description n ^„ 

Pig. 1 is a fragmentary cross -sectional view 
Illustrating the drilling of a new section of a well 
borehole. 

Pig. 2 is a fragmentary cross -sectional view 
Illustrating the placement of an embodiment of an 
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apparatus for creating a casing within the new section 
of the well borehole. 

Fig. 3 is a fragmentary cross -sectional view 
illustrating the injection of a first quantity of a 
5 hardenable fluidic sealing material into the new 
section of the well borehole. 

Pig. 3a is another fragmentary cross -sectional 
view illustrating the injection of a first quantity of 
a hardenable fluidic sealing material into the new 
10 section of the well borehole. 

Fig. 4 is a fragmentary cross -sectional view 
illustrating the injection of a second quantity of a 
hardenable fluidic sealing material into the new 
section of the well borehole. 

Fig. 5 is a fragmentary cross -sectional view 
illustrating the drilling out of a portion of the cured 
hardenable fluidic sealing material from the new 
section of the well borehole. 

Fig. 6 is a cross-sectional view of an embodiment 
of the overlapping joint between adjacent tubular 
members . 

Fig. 7 is a fragmentary cross -sectional view of 
apparatus for creating a casing within a well borehole. 

Fig. 8 is a fragmentary cross -sectional 
illustration of the placement of an expanded tubular 
member within another tubular member. 

Fig. 9 is a cross-sectional illustration of a 
preferred embodiment of an apparatus for forming a 
casing including a drillable mandrel and shoe. 

Fig. 9a is another cross-sectional illustration of 
the apparatus of Fig. 9. 

Fig. 9b is another cross-sectional illustration of 
the apparatus of Fig. 9. 

Fig. 9c is another cross- sectional illustration of 
35 the apparatus of Fig. 9. 
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FIG. 10a Is a cross-sectional illustration of a wellbore Including a pair of 
adjacent overiapping casings. 

FIG. 10b is a cross-secUonkl illustration of an apparatus and method for 
creating a lie-back liner using an expandible tubular member. 
5 FIG. 10c is a cross-sectional illustiation of the pumping of a fluldic sealing 

material Into the annular region between the tubular member and the existing 
casing. 

FIG. I Od Is a cross-sectional Illustration of tiie pressurizing of Uie Interior of 
the tubular member below ttie mandrel. 

10 FIG. lOe is a cross-sectional Illustration of the extrusion of tiie tubular 

member off of tiie mandrel. 

FIG. lOf is a cross-sectional illustration of the tie-back Uner before drilling 
out Uie shoe and packer. 

FIG. lOg Is a cross-sectional illustration of the completed tie-back liner 
1 5 created using an expandible tubular member, 

FIG. 1 la is a fragmentary cross-sectional view Illustrating the drilling of a 
new section of a well borehole. 

FIG. 1 1 b is a fragmentary cross-sectional view Illustrating the placement of 
an embodiment of an apparatus for hanging a tubular liner within the new section 
20 of ttie well borehole. 

FIG. 1 Ic is a fragmentaiy cross-sectional view Illustrating ttie injection of a 
first quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. lid is a fragmentaiy cross-sectional view illustrating ttie introduction 
25 of a wiper dart Into the new section of ttie weU borehole. 

FIG. 1 1 e Is a fragmentaiy cross-sectional view lUustrating tiie injection of a 

secondquantityofahardenablenuldicsealingmaterialintottienewsectionofttie 
well borehole. 

FIG. 1 1 f Is a fragmentaiy cross-sectional view illustrating ttie completion of 
30 the tubular liner. 
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Detailed DescHptlon of the Uliutrative Embodiments 
An apparatus and method for fonning a weUbore easily «rtlhin a 
sublenanean fonnaUon is provided. The apparahis and method pennils a 
wellbore casing to be fonned In a subtenanean fonnation by placing a tubular 
5 member and a mandrel in a new section of a wellbore. and then eaniding the 

lubularmemberoffofmemandrelbypressurizlnganinteriorportionofmetubular 
member. TIk apparatus and method flmherpemilts adjacent mbular members 
m the weUbore ,o be joined using an overiapping Joint that prevents fluid and or 
gas passage. The apparatus and method further pemiits a new tubular member 
10 to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the exisung lubular member. The apparatus and 
method further minimizes me reduction in Ok hole size of the wellboie casing 
necessiiated by the addition of new secttons of wellbore casing. 

An apparatus and method for fbra,!,* a Ue-baclc liner using an expandable 

15 '^■nen.berlsalsopmvided.Tl^apparatusandmethodpemtfUatie.back 
taer to be created by exmrding a h.bular member olfof a mandrel by pressurizing 
and interior portion of the lubular member. In this manner, a Ue^ack liner Is 

P^ducedTlieapparatusandmethodfurtherpem^lsadiacenttubuIarmembers 
.n the wellbore to be joined using an overlapping joint that prevents fluid and/or 
gas passage. The apparatus and method funher pem,lu a new tubular member 
to be supposed by an exisUng tubular member by expanding the new tubular 
member into engagement wilh the existing tubular member. 

Anapparatus and method fore^ndinga tubular member is also provided 
•"-•^c'udesanexpandable.ubuiarmember.mam.ralandashoe. Inapreferred 
25 embodiment the inteHorporUons of the apparatus Is composed of ma.erials U», 

penrttUKlntenorporUonstoberemovedusingaconvenUonaldrillingapparatus 

lnth»manner.l„tt,eeven.ofamalfuncdonlnadownhole region, tt^apparatus 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 
30 wellboreisalsoprovided. apparatus and method pemd. a. ubular liner to be 
atuched .0 an existing section of casing. The apparatus and memod furtherhave 
application to the joining of tubular membere in general. 
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for formtog a wdlbo« ^ ^ ; ^^^^ ^ ^ 

<i»cril»d. M illustrated to Rg. i, , wellbore 100 is positioned in e subterranean 
fonnation 105. Tl» wellbore 100 facludes an existing cased section 110 having a 
6 tabular casing 116 and an annular outer layer of cement 120. 

In order to ertend the wellbore 100 toto the subtemmean fonnation 105 

a drill string 126 is used m a weU known manner to drffl out material fton. the' 
subterranean formation 106 to form a new section 130. 

^'^'«^»I%-2.»Waratus2e0f«rfbrming.wellboreca«ngin 
10 «-''^™~»f»nn.tioni.th«>poaltionedtot^ 

100. Il,ea,,p.r.t«a200pr.fta.blytoch«ie,«..,p.nd.bfe , 

^ member 210. a shoe 216. a tower a.p seal 220. an upper cup seal 225 a 

nu«lpa...ge230..1taidpas..ge235.ailuldp.s««e240.seals246..ndasupport 
member 250. 

»e»b^250. ^ee^dablemandrel206i.preferablyadap.edtoccntroll.Wy 
«!»nd ma radial direction. n» e,p««lable m«^ 206 may compri.. m^ 
aumberofcon™tionalcommerdallyavail.ble«pandabl.»andr,l.modilWto 

d^os^ m US. Patent No. 6.348.095. the contents of which are incon»rat«. 
reference, mcdmed in .^cordance With the ^ 

25 , '*'T"'°™^'"""*^'^*«'^<^'«"'»»<tel205. lie 

mandrel 205. tubular m«nber 210 may be fi*ricat,d ftom any 
n^ Of con^ntional commercially available materials ^ as, «.r example 
0-fleH Oounto- T^^ular Goods (OCTO). 13 chromium stee. tubto^cstog „ 
Plasfc tubin^casing. In a preferred emh^Bmen, the tubular m^T^o is 

»doMerd.ametoofftcmbularm=mb«2,0m.y«„ge.lbr«.Z,Som 
appmxin,a,=ly 1.905 «, 1 19.38 cms (0.75 to 47 inch«) „d 2.667 to 121.92 cms 
(1.05 1048 incbesXrespectively. Inaprefemd 
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embodiment, the inner and outer diameters of the tubularmember 21 0 range from 
about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in tiie most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a soUd member. 
5 In a preferred embodiment, the end portion 260 of the tubular member 2 1 0 

is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
205 when it completes the extrusion of tubular member 210. In a prefened 
embodiment, the length of the tubular member 210 is limited to minimize the 
possibility of budding. For typical tubular member 210 materials, the length of the 
10 tubular member 210 b preferably limited to between about 12.192 to 6,096m (40 
to 20,000 feet) in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 
15 example. Super Seal 11 float shoe, SuperSeal II Down-Jet float shoe oraguide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a prefened embodiment, the shoe 215 
comprises an aluminum down-Jet guide shoe with a sealing sleeve for a latch- 
down plug available from Halliburton Eneigy Services in Dallas, TX, modified in 
20 accordance with tiie teachings of the present disclosure, in order to optimally 
guide tfie tubularmember210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overiapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after Uie completion of the cementing and expansion operations. 

25 'naprefenredembodiment,theshoe215includesoneormorethroughand 
side outiet ports in fluidic communication vwth ttie fluid passage 240. In tills 
manner, tiie shoe 2 1 5 optimally injects hardenable fluidic sealing material into tiie 
reglonoutside ttieshoe 215and tubular member 2 10. In apreferred embodiment, 
Uie shoe 215 includes tiie fluid passage 240 having an inlet geometiy that can 

30 receiveadartand/oraballsealingmember. In this manner, tfje fluid passage 240 
can be optimallysealed offby infrodudng a plug, dart and/or ball sealing elements 
into the fluid passage 230. 
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( The lower cup seal 220 is coupled to and supported by'thi Wpport member 
250. The lower cup seal 220 prevents foreign materials from entering the interior 
r^on of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
5 available cup seals such as. for example. TP cups, or Selective Injection Packer 
(SIP) cups modified in accordance with the teachings of the present disclosure. In 
a preferred embodiment, the lower cup seal 220 comprises a SIP cup seal, available 

fromHalliburton Energy Services in Dallas. TX in order to optimaUyblockforeign 
material and contain a body of lubricant 

10 The upper cup seal 226 is coupled to and supported by the support member 

250. Theuppercupseal225preventsforeignmaterialsfromenteringtheinterior 
region of the tubular member 210. The upper cup seal 225 may comprise any 

number of conventionalcommerdally available cup seals such as. for example. TP 
cups or SIP cups modified in accordance with the teachings of the pre^nt 
15 discbsure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
cup,availablefromHalliburtonEnergyServicesinDallas. TX in order to optimally 
block the entiy of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 

from the interiorregionofthe tubular member210belowtheexpandablemandrel 
20 205. The fluid passage 230 is coupled to and positioned witiiin the support 
member 260 and the e^andable mandrel 205. The fluid passage 230 preferably 
extends from a position a4jacent to the surfece to the bottom of the expandable 

mandrel206. The fluid passage 230 is preferably positioned along a centerhne of 
the apparatus 200. 

25 

The fluid passage 230 is preferably selected, in the casing running mode of opeiation to 
transport materials si»h as drilling mud or fonnation fluids at flow rates and pressures ranging 
from about 0 to 1 1356.2355 litresAninute (0 to 3.000 galWminute) and 0 to 620.52813 bar (0 
to 9.000 psi) in order to minimize drag on the tubular member being run and to minimize surge 
pressures exerted on the wellbore which could cause a loss of wellbore fluids and lead to hole 

30 

Thefluidpassage235permitsfluidicmat«rialstobereIeasedfromthefluid 
passage 230. In this manner, during placement of the apparatus 200 within the 

9> 
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( .ew section 130 of the weUbore 100, fluidic materiab 255 forced up the fluid 
passage 230 can be released into the wellbore 100 above the tubular member 210 
^ tlierebyminimizingsu^gBpressuresontheweUboresectionlSO. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluididy coupled to the fluid passage 230. 

The fluid passage 236 preferably inchides a control valve for controUably 

openinganddosingthe fluid passage236.Inapreferred embodiment, the control 
valveispressureactivatedinoniertocontrollablyminimizesurgepressures. The 

fluidpassage236i8preferablypo8itionedsub8tantia%orthQgoiialtothecenterline 
10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convqr fluidic materials at flow 
rates and pressures ranging fiom about 0 to 11356.235S litrestonte (0 to 3,000 
gallonstoinute) and 0 to 620.528 13 bar (0 to 9.000 psi) in order to reduce the drag on the 
apparatus 200 during insertion into tiie new section 130 of the wellbore 100 and to 
15 minimize surge pressures on the new weUbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 
20 expandable mandrel 205. The fluid passage 240 prefet«bty has a cn»ss.sectionaI 
shapethatpennitsaplug. orother similar device, to beplaoedin fluid passage 240 
to thereby blockfurtherpassageoffluidicmaterials. In this manner, the mterior 
region of the tubular member 210 below the «q,andable mandrel 205 can be 

fluidiclyisolatedfromther^onexteriortothetubularmember210. Thispermits 
26 the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substoatiaUy 
along <iie centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epories at flow rates and pressures ranging from about 0 to 
30 1 1356.2355 litres/minute (0 to 3.000 gaUons/minute) and 0 to 620.52813 bar (0 to 9.000 
^ ^ °Pti°i^y fi" annular region between the tubular member 210 and the 

^ newsection 130 of the wellbore 100 with fluidic materials, hi a preferred embodiment, 
the fluid passage 240 



( includes an inlet geometry that can receive a dart aiid/or a bau'sealing member. 
In this manner, the fluid passage 240 caA be sealed off-by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubularmember210. The seals 245 are further positioned on an outer surface 265 
of the end portion 260 of the tubular member 210. The seals 245 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260 of the tubular member 210 to be fluidicly sealed. The seals 245 may comprise 
any number of conventional commerxdally available seals such as. for example 
10 lead, mbber. Teflon™, or epoxy seals modified in accordance with the teachings of 
thepresentdisdosure. In a preferred embodiment, the seals 246 are molded from 
StratalockepojoravailablefromHalliburtonEneiByService8inDallas,T^ 
to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the easting casing 115. 
15 In a preferred embodiment, the seals 245 are selected to optimally provide 

asuffident Actional force to support the expanded tubular member2l0from the 
existing casing 115. In a preferred embodiment, the fridional force optimally 

pn>v,dedbytheseals245rangesfroxnabout68.94757to68.947.57bar(l OOOto 
1.000.000 Ibf) in order to optimally support the expanded tubular member 210. 

20 Th«^PP°rtmember250iscoupledtotheexpandabIemandrel205,tubular 
member 210. shoe 215. and seals 220 and 225. The support member 250 
preferably comprises an annular member having suffident strength t« cany the 
apparatus 200 into the new section 130 of the wellbore 100. In a preferred 
«"»»><><li-ent.thesupportmember250fortherindudesoneormore^^^^ 
25 <*ntralizer8 (not iUustrated) to help stabilize the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 275 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubularmember210. In this manner, the extrusion ofthe tubular member 210 off 
oftheexpandablemandreI205isfadlitated. The lubricant276 may comprise any 
number of conventional commerdally available lubricants sud» as, for example. 
Lubriplate™. chlorine based lubricants, oil based lubricants or Climax 1500 Antisieze 
(3100). In a preferred embodiment, the hibricant 276 comprises Climax 1500 
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C jitisieze (3100) available from Climax Lubricants and Equipment Co. in Hoxiston, 
TX in order to optimally provide optimum lubrication to faciliate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to assembly to the remaining portions ofthe apparatus 200. In this manner, 

the introduction of foreign material into the apparatus 200 is minimized. This 
minimizes the possibility offoreign material clogging the varioiis now passages and 

valves ofthe apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 ofthe wellbore 100, a couple of weUbore vohimes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 100 that mi^t clog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material interferes with the expansion 
process. 

15 As iUustrated in Fig. 3, the fluid passage 235 is then dosed and a hardenable 

fiuidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 210 below the scpandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 805 then exits the spparatus 200 and fills the annular region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the vrellbore 100. Continued pumping of the material 305 
causes the rwofawial 306 to fill up at least a portion of the annular region 315. 
The material 305 is iMreferably pumped into the amnilar region 3 1 5 at pressures 

25 and flow rates ranging, for example, fiom about 0 to 344.73785 bar (0 to 5000 psi) and 0 
to 5,678.1177 lilres/ininute (0 to 1,500 gallons/min), respectively. The optimum flow 
rate and operating pressures vary as a fimction of the casing and wellbore sizes, wellbore 
section Iragth, available pumping equipment, and fluid pn^crties ofthe fluidic material 
being pumped. The optimum flow rate and operating pressure are preferably determined 
using conventional empirical methods. 

The hardwiable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardmable fluidic sealing materials such as, 
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for example, slag mix. cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 305 comprises a blended cement prepared 
specifically for the particular well section being drilled from HalUburton Energy 
Sen^ices in Dallas. TX in order to provide optimal support for tubular member 2 1 0 
5 while also maintaining optimum flow characteristics so as to minimize difTiculties 

during the displacement of cemenlin the annular region315.Theoptimum blend 
of the blended cement is preferably detemiined using conventional empirical 
methods. 

The annular region 315 preferably is filled with the material 305 in sufficient 
10 quantities to ensure Uiat, upon radial expansion of Uie tubular member 210, ttie 

annularregion 315 of the new section 130 of the wellbore 100 will be filled with 
material 305. 

In a particularly preferred embodiment, as iUustrated in Fig. 3a. the wall 
thickness and/or ttie outer diameter of Uie tubular member 210 is reduced in ttie 
15 region adjacent to Uie mandrel 205 in oider optimally permit placement of the 
apparatus 200 in positions in Uie wellbore wiUi tight clearances. Furthermore, in 
ttiis manner, the initiation of the radial expansion of Uie tubular member 210 
during the extnision process is optimally facilitated. 

As illustrated in Fig. 4. once ttie annular region 315 has been adequately 
20 filled wiUi material 305. a plug 405. or oUier similar device. Is Introduced into ttie 

fluid passage240ttierebynuidicly isolating Uie interiorregionSlOfronittieannular 
region 315. In a preferred embodiment, a non-haidenable fluidic material 306 is 
ttien pumped into the interior region 3 1 0 causing Uie Interior region to pressurize. 
In tills manner. Uie interior of the expanded tubular member 210 will not contain 
25 significant amounts of cured material 305. This reduces and simplifies the cost of 
Uie entire process. Alternatively. Uie material 305 may be used during Uiis phase 
of the process. 

Once ttie interior region 310 becomes sufficiently pressurized. Uie tubular 
member 2 1 0 is extnided off of Uie expandable mandrel 205. During Uie extnision 
30 process, the expandable mandrel 205 may be raised out of the expanded portion 
of the tubular member 210. In a prefened embodiment, during ttie extnision 
process, ttie mandrel 205 is raised at approximately ttie same rate as Uie tubular 



(member 210 is expanded in order to keep the tubutar m^^r 210 stationaiy 
relativetothenewweUboresection i30. In an alternative preferred embodiment 

theeztTusionproce88iscommencedwiththetubularmember210positionedabove' 
the bottom of the new weUbore section 130, keeping the mandrel 205 stationary 
5 and allowing the tubular member 210 to extrude oflFof the mandrel 205 and fall' 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The plug 405 preferably acts to fluidicly isolate the hardenable fluidic 
10 sealing material 305 from the non hardenable fluidic material 306. 

The plug 405 may comprise any number of conventional commercially 

avadabIedevicesfrompluggingafluidpassages«chas.fore«unple.MuItipleSte^ 
Cementer (MSG) lal^^own plug. Omega lat^h-down plug or three-wiper latch- 

<^<>-Pl"trmodifiedinaccordancewiththeteachingBofthepresentdisclo^^ 

15 «P'«fen«lembodiment.theplug405con^saMSCktchKiownplugavail^^^ 
from Halliburton Energy Services in Dallas, TX. 

^P^««>nentoftheplug405inthlfluidpassage240.anonhardenable 
^ «-^««-terial306ispreferablypumpedint«theinteriorr^^^^ 

into the interior "^^^^ preferably pumped 

mio the mtenorregion 310 atprcssures and flow rates rancrinaft^ • ^ 

I» • «»bodimmt. the app„at™ 200 fa adapted to 

•e""-*, bux*. «.d ftMo. efifects upon the tubuiar member 210 durm, the 
^on ^ 1,^ effeca „Ui be depend upon the of the 

•^°»»-i«1205,tbematerialc„mp„aitionoftheM«l,rn»nd»^ 
30 «J»«onmandrel205.tbeinnerdi.meter„ftbetub„U.men*e,210,thew^ 

_ometabula,member210. mgene^l. the thicker the wall thictaeaa. the smaller 



r.heinnerd«nrter,anda« greater theyieldst^ngthifthJtabi^ 
tl»n the garter the operattagpre«ures 'required to e«rude the tubule member' 
210 off of the mandrel 205. 

For typical tubular members 210, the extrusion of the tubular member 210 

5 <>ff°f«»«e^andablemandrelwillbegiu when the pressure oftheinterior^^^^ 
3 10 reaches, for example, approximately 34.472 to 620.528 bar (500 to 9.000 psi). 

During the extrusion process, the expandable mandrel 205 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging for 
example,i^mabout0to5fl/8ec. In a preferred embodiment, during the extomion 

10 P'-oce8s,theexpandablemandrel205israisedoutoftheexpandedportionofthe 
tubular member 210 at rates ranging fiom about 0 to 0.6096 m/s (0 to 2 ft/sec) in order to 
mmmuze the time required for the expansion process while also permitting easy control 
of the expansion process. 

When the endportion 260 of the tuhuler member 210 i. extruded offof the 
16 e^le meadrel 206. the «,ter surface 266 of the end portion 260 of the 
tubular manber 210 wiU preferably contact the interior surface 410 ef the end 

portion 270 ofthecasinff 115 to form flnfiiti^^i^Ui. i 

"«^iioK>iormanfluidtightoTerlwin«joint. Theoontact 

P«~« of *e „veri.pping joint ^ vproiD-tely J.447379 to 

1.278.9514 b., (50 u. 20.000 psi). In . e„*<Kiin»n,. fte oo..„, 

20 °'^'W"8j»"''^fi»mapproxin»Bly 27.579028 lo689.4757bar(400t„ 10.000p^^ 
order to provrie i^pto. pTMswc to activMe 11» ^nlar baling „,e^ 
I«.«d. rMistanoe «, «iiu nxrtion ,o «»o„™«U.e typical te,^^^ 



'^<''«'«PPi»8Jointbet™enthesection410ofthee™tingcaeingll6and 

'°'™"*''''^'--™^«''."«»alingmem.!^ 
optunally prortte a fluidlc and gaseous seal in the o^rlapping joint 

Inapreferredembodiment,theoperatingpres.ure«rffWr.teofthen^ 
b»^beflu.dicma.e.ial30eiscontrollaWyran^downwhenthee^^^ 
-«^> ^06 rea^s the end portion 260 Of the tubutar member 210. In this 

tubular member 210 off of the expandable mandrel 206 can be minimized. In a 



preferred embodiment, the operating pressure is reduced a sibstantially linear 

fashionfi^mlOO%toaboutlO%durinffdieendoftheextrusionprocessbegimung 
when the mandrel 205 is within about 1 .524 m ( 5 feet) fiom completion of the extrusion ' 



process 

5 



Alternatively, or in combination, a shock absorber is provided in the support 
member 250 in order to absorb the shock'^^SdbJ^sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commerdaUy 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 206. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removedfromthewellborelOO. In a px^eired embodiment, either before or after 
the removal of the expandable mandrel 205. the integrity of the fluidic seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fluidic seal of the overlapping joint between the upper portion 260 of 

thetubularmember210andthelowerportion270ofthecasingll5is8ati8facto,y 
thenanyuncuredportdonofthematerial305withinta,eexpandedtubularmember 
20 210isthenremovedinaconventionalmam»ersuchas.forexample,circulatingthe 
uncured material out ofthe interior ofthe expanded tubular member 210 The 
mandrel 205 is then pulled out ofthe wellbore section 130 and a drill bit or mill is 
used m combination with a conventional drilling assembty 505 to drill out any 
^enedmaterial305withinthetubularmember210. llxe material 305 within 
25 the annular region 315 is then allowed to cure. 

^^««t»tedinFig. 5. preferably anyremainingcuiedmaterialSOS within 
the mterior of the expanded tabular member 210 is then removed in a 
conventional manner using a conventional driU steng 505. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 
30 annularlayer516ofcuredmaterial306. ^ bottom portion ofthe apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
_ shoe 215 and dart 405 using conventional drillingmethods. 

\6 
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In a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 of 
the tubular member 210 includes one or more sealing members 605 and one or 
more pressure relief holes 610. In this manner, the overlapping joint between the 
lower portion 270 of the casing 1 15 and the upper portion 260 of the tubular 
5 member 2 1 0 is pressure-tight and the pressure on the interior and exterior surfaces 
of the tubular member 210 is equalized during the extrusion process. 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615formed in the outer surface 265 of the upperportion 260 of the tubular 
member210. Inanaltematlveprefen^d embodiment, the sealing members 605are 
10 bondedormoldedonto the outersurface 265 of the upperportion 260 of the tubular 
member 210. The pressure reUef holes 61 0 are preferably positioned in the last few 
feet of the tubular member 2 10. The pressure relief holes reduce the operating 
pressures required to expand the upper portion 260 of the tubular member 210. 
This reduction in required operating pressure in turn reduces the velocity of the 
15 mandrel 205 upon tfie completion of the extrusion process. This reduction in 
velocity in turn minimizes tfie mechanical shock to ttie entire apparatus 200 upon 
the completion of Uie extrusion process. 

Referring now to Fig . 7. apparatus 700 for forming a casing within a wellbore 
preferably includes an expandable mandrel or pig 705. an expandable mandrel or 
20 pig container 7 1 0. a tubular member 7 1 5. a float shoe 720. a lower cup seal 725. an 
upper cup seal 730, a fluid passage 735. a fluid passage 740. a support member 745. 
a body of lubricant 750. an overshot connection 755. anottier support member 760. 
and a stabilizer 765. 

The expandable mandrel 705 is coupled to and supported by tiie support 
25 member 745. The expandable mandrel 705 is further coupled to tiie expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controllably expand In a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance witti tfie teachings of ttie present disclosure. The 
30 expandable mandrel 705 preferably comprises a hydraulic expansion tool 
substantially as disclosed in U.S. Pat. No. 5.348,095. Uie contents of 



r . ' ... . : 

which are incorporated herein by reference, modified in accordance with the 
teachings of the present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 71 0 is further coupled to 
5 the expandable mandrel 705. The expandable mandrel container 710 may be 
constmcted from any number of conventional commercially available materials 
such as. for example. Oilfield Countiy Tubular Goods, stainless steel, titanium or 

highstrengthsteels.TheexpandablemandreIcontainer710maybefabricatedfrom 
materialhavingagreaterstrengththanthematerialfromwhichthetubularmember 
10 7I5isfabricated. m this manner, the container 710 can be fabricated from a tubular 
material having a thinner wall thickness than the tubular member 210. TWs pemiits 

the container 710to pass through tight clearances therebyfadlitating its placement 
within the wellbore. 

Once the expansion process begins, and the tfiicker, lower strength material 
15 of Oie tubular member 715 Is expanded, the outside diameter of the tubular 
member 71 5 is greater than ttie outside diameter of the container 7 1 0. 

The tubular member 715 is coupled to and supported by Uie expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 
direction and extruded off of tiie expandable mandrel 705 substantially as described 
20 above withreferencetoFigs. 1-6. Tl^e tubular member 71 5 may be fabricated fmm 
any number of materials such as. for example, Oilfield Countiy Tubular Goods 
(OCTG). automotive grade steel or plastics. The tubular member 715 may be 
fabricated from OCTG. 

Thelubularmember715preferablyhasasubstantiallyannularcross-section 

25 The tubular member 715 more Preferablyhas asubstantiallydrcularannular cross- 
section. 



The tubular member 715 preferably includes an upper section 805. an 
mtemiediate section 810. and a lower section 815. The upper section 805 of ttie 
tubular member 715 preferably is defined by Uie region beginning in ttie vicinity of 
30 tiie mandrel container 710 and ending witf, tt,e top section 820 of tiie tubular 
member715. The intennediatesection8I0ofUietubularmember715is preferably 



defined by the region beginning in ihe vicinity of the top of the mandrel container 
710 and ending with the region in the vicinity of the mandrel 705. The lower section 
of the tubular member 715 is preferably defined by the region beginning in the 
vicinity of the mandrel 705 and ending at the bottom 825 of the tubular member 7 1 5. 
5 The wall thickness of the upper section 805 of the tubular member 715 is 
greater than the wall thicknesses of the intermediate and tower sections 810 and 
815 of the tubular member 715 in order to optimally faciliate the initiation of the 
extmsion process and optimally pemiit Uie apparatus 700 to be positioned in 
locations in ttie wellbore having tight clearances. 
1 0 The outer diameter and wall thickness of the upper section 805 of tiie tubular 
member 715 may range, for example, from about 2.667 to 121.92 cms (1.05 to 48 
inches) and 0.31 75 to 5.08 cms (1/8 to 2 inches), respectively. The outer diameter 
and wall tiiickness of Uie upper section 805 of the tubular member 715 may range 
from about 8.89 to 40.64 cms (3.5 to 16 inches) and 0.375 to 3.81 cms (3/8 to 1.5 

15 inches), respectively. 

The outer diameter and wall tiiickness of the intemiediate section 8 1 0 of ttie 
tubular member 715 may range, for example, from about 6.35 to 127 cms (2.5 to 50 
inches) and 0.15875 to 3.81 cms (1/16 to 1.5 inches), respectively. The outer 
diameter and wall thickness of the inlemiediate section 8 1 0 of the tubular member 

20 715 may range from about 8.89 to 48.26 cms (3.5 to 19 inches) and 0.31 75 to 3.1 75 
cms (1/8 to 1.25 inches), respectively. 

The outer diameter and waO thickness of the lower section 815 of the tubular 
member 715 may range, for example, firom about 6.35 to 127 cms (2.5 to 50 inches) and 
0.15875 to 3.175 cms (1/16 to 1.25 inches), respectively. The outer diameter and wall 

25 thickness of the lower section 8 1 0 of the tubular member 7 1 5 may range ftom about 3.5 to 
tSinchesand 1/8 to 1.25 inches, respectively. The waO tfitekness of ttie lower section 81 5 
of tt»e tubular member 715 may be further increased to inciease tiie strength of the shoe 
720 when drillable materials such as, for example, aluminum are used. 

The tubular member 71 5 preferably comprises a solid tubular member. The 

30 end portion 820 of tfie tubular member 715 may be slotted, perforated, or ottierwise 
modified to catch or slow down the mandrel 705 when it completes tiie extrusion 
of tubular member 715. The lengtfi of tiie tubular member 715 may be limited 
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to minimize the possibility of buclding. For typical tubular member 715 materials, 
the length of the tubular member 7 1 5 is preferably limited to between about 1 2. 1 92 
to 6,096 cms (40 to 20,000 feet) in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular member 
5 715. The shoe 720 includes the fluid passage 740. The shoe 720 may further include an 
inlet passage 830, and one or more jet ports 835. The cross*sectional shape of the inlet 
passage 830 Is preferably adapted to receive a latch*dowai dart, or other similar elements, 
for blocking the inlet passage 830. The interior of the shoe 720 preferably includes a body 
ofsolld material 840 for increasing the strength of the shoe 720. The body of solid material 

10 840 may comprise aluminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 
shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. The shoe 720 preferably comprises an 

1 5 aluminum down-jet guide shoe with a sealing sleeve for a latch-down plug available 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 
teachings of the present disclosure, in order to optimize guiding the tubular 
member 715 in the wellbore, optimize the seal between the tubular member 715 
and an existing wellbore casing, and to optimally faciliate the removal of the shoe 

20 720 by driUing it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to cmd supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 
region of the tubular member 715 above the expandable mandrel 705. The lower 
cup seal 725 may comprise any number of conventional commercially available cup 

25 seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosure. The lower 
cup seal 725 may comprise a SIP cup, available from Halliburton Energy Services 
in Dallas, TX in order to optimally provide a debris barrier and hold a body of 
lubricant. 

30 The upper cup seal 730 is coupled to and supported by the support member 

760. The upper cup seal 730 prevents foreign materials from entering the interior 
region of the tubular member 715. The upper cup seal 730 may comprise any 



n«™berofconve„Uomlcommerclallyavailablecupsealssuchas,fore»rapleTP 
cups or Seleciva l„|ecUo„ Packer (SIP) cup modlBed in accordance wift 'fte 
.eachings of U,e presen, disclosure. ,„e upper cup seal 730 may compHse a SIP 
cup available iio. Halliburton Energy Services in Dallas, TO in order ,o op«n«lly 
5 ProvHJeadebrisbarrterandcontalnabodyoflubHcant. 

•^-"-dpassageTaSpemUUfluidicmatertals.obeUansported.oand.K.m 
fl«m.enorreglonof0,en*ula,n«„*er715belowtt,e expandable n«„d^^ 

^em.Klpassage735isfluidiclycoup,ed,omefluidpass,Se740.,„enuldpassage 
735 .s p^ferably coupled to and posiUoned wiOUn tt,e support member 760. U» 
.0 supportmembe^ 

^enuKlpassage735prefe,ablyex.e„ds.h,maposidonadiacem,oa«su,*„eto 
•he bottom of .he expandable mandrel 705. fluid passage 735 is p„,ferably 
pos,u„ned along a cenferiine of tt« appamh„ 700. T1» nujd passage 735 is 
« selected u, bansport materials such as cemen., ^ 

C*).,3.000gallonvmmu.e)a™.34.473.o620.528l3bar (500 ,o9,000psi, in order 
to p»vKie sumcien. operadng pressures .0 exm„ie U.e nrbular member 715 off of 
the expandable mandrel 705. 

20 ap^h„ 700 wiWn a new secUon of a weilbore. fiuWic maleriais «„ced up U» 

nu.dpassage735canbereleasedi«o«««el.bo,eaboveU»hrbularmember715 
Tl-e apparatus 700 further includes a pressure release passage that is coupted to 
andposmonedwithinu^supponmemberm Tl» pressure retease passage b 

« ^^'^^"'^O^^^^ IIK. pressure reieas^pZ^e 
25 ^e.^-H.desacon.,o,va,vef6rcon..o«ab.y„pe„^,„,,,„,^i;:^^ 

lite conuol vaKe may be pressure activated In order to controllabiy 

sTZTir'""- '--"-"S^'P^ferablyp.sWoned 
^^.lauy Orthogonal to U« c«,.e,«„, ^ ^ ^ 

«^epassage,sp,efe,ab.yselectedtoconveyma.er.aIs,uchasceme«.drtll.ng 
30 mud or epoxres at flow «tes and pressure ranging ftom about 0 to .892.7059 

l.trestanute(0loS008allooVmlnute)and0.o 68.94757 barCOto 1 000 
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psO in <»der lo reduce fte drag on the apparatus 700 during insenion into a new 

sectionofawenboreandtomirtmizesutSepressuresonthenewwellboresecUon 
TT.e Huid passage 740 pem,lu (luidic matehab be transported to and fton, the 

'eg.one«eH<,r,othetubuU,men,b.,7,5. Tl^ ""Id passage 740 Is prer«,bl,coupted to 
Sandposl.ionedw,,hln.heshoe720lnMdicco™n.^caticnw.ththe,«ed„ 
«.b.,.,„en.ber7,5be.owtheexpand.bteraa«M705. Tl.e fluid passage 740 p^ 

*.«0o,,hen„.dpassage740u,.h«eb,blocl<ltol«rpa.sa,eofn„,dlc,n^ h 

10 ™'-^«P^«%nuidic^Uol.,«,(^n,.heregfc„exteHo,.o.he.u^^ 
"^spemU.s,Hetaterto,,eg*»of.he**uhrraemb.,7.Sbe.ow.heex^^ 
2W.obeprassu*ed The Huid passage 740 Is preferably positioned 
substantially along the centerihe of the appaialus 700. n« fluid passage 740 Is 

P«fe,ablyseiected,oconveynu.terialssuchaseement, drilling ..ud or epoxlesa. 

I5nowratesa«Jpre,suresrangingfto,„abou.0toll356.235Slitres/,rtnute(0,o3000 
gallonstoinule) and 0 to 620.5281 3 bar (0 to 9.000 psi) in order to optimally ffll an 

a^ujarregion between the tubular.ember7l5anda„ews.crionofav«^^ 
w«h flutdic materials. T„e fluid passage 740 may Include an Intet passage 830 

•^"^ageome.O'U^tcan.ecelv.adartand/oraballsealingn^mber. Inthls 

20 "y'-.'''enuldpassage240canbesealedofrbyln,™duclngap,ug,dariand/or 
ball sealing elements Into the Ould passage 230. 

•n»appanMus700maylu«herlncludeoneormoreseais 845 coupled toand 
suited by the end portion 820 of the tubular member 715. "me seals 845 are 

ft«herposi.ionedonanoutersurfaceoftheendportlon820of.he.ubularmember 
25 715. -me seals 845 pemU, the overiapping join, between an eml portion of 

pi»ex.s.i„gcaslngandtheendportlon820ofthetubularmember7ISIobefluldic|y 
sealed seals 845 may comprise any number of conventional comme.^ 

ava.lablesealssuchas.forexample.lead.mbber,Teflon™,orepo,ysealsmodllied 
m accordance with the teachings of the present disclosure. Tl» seab 845 may 
30 comprise seals molded (rem StrataUcIt epoxy available horn HalBbunon Energy 
Semces in Dallas. TTt In otder to optimally p^vlde a hydraulic seal and a load 
bearing 
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interference fit in the overlapping joint between the tubular member 715 and an 
existing casing with optimal load bearing capacity to support the tubular member 
715. 

The seals 845 may be selected to provide a sufficient fnctional force to 
5 support the expanded tubular member 715 from the existing casing. The ftictional 
force provided by the seals 845 may range from about 68.94757 to 68,947.57 bar 
(1 ,000 to 1 .000,000 IbO in order to optimally support the expanded tubular member 
715. 

The support member 745 is preferably coupled to the expandable mandrel 
ID 705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to cany the apparatus 700 
into a new section of a wellbore. The support member 745 may comprise any 
number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other high strength tubular modified in 
15 accordancewiththeteachlngsofthepresentdisclosure. The support member 745 
may comprise conventional drill pipe available from various steel mills in the United 
States. 

A body of lubricant 750 may be provided in the annular region above the 
expandable mandrel container 710 within the interior of the tubular member 715. 

20 In this manner, the extnision of the tubular member 715 off of the expandable 
mandrel 705 is facilitated. The lubricant 705 may comprise any number of 
conventional commercially available lubricants such as, for example, Lubriplate, 
chlorinebasedlubricants,oilbasedlubricants.orClimax 1500Anttsieze(3IOO). The 
lubricant 750 preferably comprises Climax 1500 Antisieze (3100) available from 

25 Halliburton Energy Senices In Houston, TX in order to optimally provide lubrication 
to faciliate the extrusion process. 

The overshot connection 755 is coupled to Uie support member 745 and Uie 
support member 760. The overshot connection 755 preferably pennits the support 
member 745 to be removably coupled to the support member 760. The overshot 

30 connection 755 may comprise any number of conventional commercially available 



overshot connections suchas. for example, Innerstring Sealing Adapter. Innerstring 
Flat-Face Sealing Adapter or EZ Drill Setting Tool SUnger. The overshot connection 
755 may comprise a Innerstring Adapter witii an Upper Guide available from 
Halliburton Eneigy Services in Dallas, TX 
5 The support member 760 is preferably coupled to the overshot connection 
755 and a surface support stnicture (not illustrated). The support member 760 
preferably comprises an annular member having sufficient strengtfi to cany the 
apparatus 700 Into a new section of a weUbore. The support member 760 may 
comprise any number of conventional commercially available support members 
10 such as, for example, steel drill pipe, coiled tubing or other high strengtfi tubulars 
modified in accordance witf, tfie teachings of the present disclosure. TTie support 

member760maycompriseaconventional drill plpeavailablefn>msteel mills in ttie 
United States. 

The stabilizer 765 is preferably coupled to Uie support member 760. The 
15 stabilizer 765alsopreferablystabili2estfiecomponentsoftf,eapparatus 700wittiin 
tfie tubular member 715. The stabilizer 765 preferably comprises a spherical 
member having an outside diameter that Is about 80 to 99% of ttie interior diameter 
of Uie tubular member 715 in order to optimally minimize buckling of ttie tubular 
member 715. The stabilizer 765 may comprise any number of conventional 

20 <:ommercialIyavailablestabilizerssuchas.forexample.EZDrillStarGuides.packer 
shoes or drag blocks modified in accordance witfi tfie teachings of the present 

disclosure. TheslabiIizer765maycompriseaseallngadapterupperguideavaiIable 
from HalUburton Energy Services in Dallas, TX. 

The support members 745 and 760 may be tfioroughly cleaned prior to 
25 assembly to ttie remaining portions of ttie apparatus 700. In this manner, ttie 
introduction of foreign material Into tfie apparatus 700 is minimized TTiis 

minimizes tfie possibilityofforeignmaterialctogging tfie various flowpassagesand 
valves of tfie apparatus 700. 

Before or after positioning tfie apparatus 700 witfiln a new section of a 
30 wellbore, a couple of wellbore volumes are circulated 
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through the vamous flow passages of the apparatus 700 In order to ensure that no 
foreign materials are located within the wellbore that might clog up the various flow 
passages and valves of the apparatus 700 and to ensure that no foreign material 
interferes with the expansion mandrel 705 during the expansion process. 

5 The apparatus 700 may be operated substantially as described above with 
reference to Figs. 1-7 to fonn a new section of casing within a wellbore. 

As Illustrated in Fig. 8, in an alternative prefenred embodiment, the method 
and apparatus described herein is used to repair an existing wellbore casing 805 by 
forming a tubular liner 810 inside of the existing weUbore casimi 805. In a prefewed 

10 embodiment, an outer annular lining of cement is not provided in the repaired 
section. In the alternative preferred embodiment, any number of fluldic materials 
can be used to ex|>and the tubular liner 8 1 0 into intimate contact with the damaged 
section of the wellbore casing such as, for example, cement, epoxy. slag mix, or 
drilling mud. In the alternative prefenred embodiment, sealing members 815 are 

15 preferably provided at both ends of the tubular member in order to optimally 
provide a fluidic seal. In an altemath^ preferred embodiment, the tubular liner 810 
is formed within a horizontally positioned pipeline section, such as those used to 
transport hydrocarbons or water, wdth the tubular liner 8 1 0 placed in an overiapping 
relationship with the adjacent pipeline section. In this manner, underground 

20 pipelines can be repaired without having to dig out and replace the damaged 
sections. 

In another altemath^ preferred embodiment, the method and apparatus 
described herein is used to directly line a wellbore with a hibular liner 810. In a 
preferred embodiment, an outer annular lining of cement is not provided between 
25 the tubular liner 810 and the wellbore. In the alteniative prefenred embodiment, 
any number of fluidic materials can he used to expand the tubular liner 810 Into 
intimate contact with the weUbore such as, for example, cement, epoxy, slag mfac, 
or drilling mud. 

Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 



apparatus 900 for fomilng a wellbore casing includes an expandible tubular 
member 902, a support member 904, an expandible mandrel or pig 906, and a shoe 
908. In a prefen-ed embodiment, the design and construction of the mandrel 906 
and shoe 908 permits easy removal of those elements by drilling them out. In this 
5 manner, the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expandible tubular member 902 preferably includes an upper portion 
910, an intermediate portion 912 and a lower portion 914. During operation of the 
apparatus 900, the tubular member 902 is preferably extruded off of the mandrel 

10 906 by pressurizing an interior region 966 of the tubular member 902. The tubular 
member 902 preferably has a substantially annular cross-section. 

In a particularly preferred embodiment, an expandable tubular member915 
is coupled to the upper portion 9 1 0 of the e;q>andable tubular member 902. During 
operation of the apparatus 900, the tubular member 91 5 is preferably extruded off 

15 of the mandrel 906 by pressurizing the interior region 966 of the tubular memt>er 
902. The tubular member 9 1 5 preferably has a substantially annular cross-section. 
In a preferred embodiment, the wall thickness of the tubular member 9 1 5 is greater 
than the wdSl thickness of the tubular member 902. 

The tubular member 91 5 maybe fabricated from any number of conventional 

20 commercially available materials such as, for example, oilfield tubulars, low alloy 
steels, titanium or stainless steels. In a prefen^ed embodiment, the tubular member 
915 is fabricated from oilfield tubulars in order to optimally provide approximately 
the same mechanical properties as the tubular memt>er 902. In a particularly 
preferred embodiment, the tubular member 915 has a plastic yield point ranging 

25 from about 275.9028 to 9307.92 1 95 bar (40,000 to 1 35.000 psi) in order to optimally 
provide approximately the same yield properties as the tubular memt>er 902. The 
tubular member 9 1 5 may comprise a plurality of tubular members coupled end to 
end. 

In a preferred embodiment, the upper end portion of the tubular meml>er 
30 9 1 5 includes one or more sealing members for optimally providing a fluidic and/or 
gaseous seal with an existing section of wellt>ore casing. 

25 



In a preferred embodiment, the combined length of the tubular members 902 and 
915 are limited to minimize the possibility of buckling. For typical tubular member 
materials, the combined length of the tubular members 902 and 91 5 are limited to between 
about 12.192 to 6,096m (40 to 20,000 feet) in length. 
5 The lower portion 9 1 4 of the tubular member 902 is preferably coupled to the 
shoe 908 by a threaded connection 968. The intermediate portion 9 1 2 of the tubular 
member 902 preferably is placed in intimate sliding contact with the mandrel 906. 

The tubular member 902 maybe fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 

1 0 steels, titanium or stainless steels. In a preferred embodiment, the tubular member 
902 is fabricated from oilfield tubulars in order to optimally provide approximately 
the same mechanical properties as the tubular member 915. In a particularly 
preferred embodiment, the tubular member 902 has a plastic yield point ranging 
from about 275.9028 to 9307.92 1 95 bar (40,000 to 1 35,000 psi) in order to optimally 

15 provide approximately the same yield properties as the tubular member 915. 

The wall thickness of the upper, intermediate, and lower portions, 910, 912 and 914 
of the tubular member 902 may range, for example, from about 0.625 to 3.81 (1/16 to 1.5 
inches). In a preferred embodiment, the wall thickness of the upper, intemiediate, and 
lower portions, 910, 912 and 914 of the tubular member 902 range from about 0.3175 to 

20 3.175 cms (1/8 to 1.25 Inches) In order to optimally provide wall thickness that are about 
the same as the tubular member 9 1 5. In a prefen^ed embodiment, the wall thickness of the 
lower portion 914 Is less than or equal to the wall thickness of the upper portion 910 in 
order to optimally provide a geometry that will fit into tight clearances downhole. 

Theouter diameter of the upper, intermecUate, and lower portions, 910,9I2and914 

25 of the tubular member 902 may range, for example, from about 2.667 to 1 2 1 .92 cms ( 1 .05 
to 48 Inches). In a preferred embodiment, the outer diameter of the upper, intermediate, 
and lower portions, 910, 912 and 914 of the tubular member 902 range from about 8.89 to 
48.26 cms (3 Vi to 19 inches) in order to optimally provide the ability to expand the most 
commonly used oilfield tubulars. 



^ . The length of the tubular member 902 is t)iefer^ly Kmitof to Wtween about 
0.6096 to 1 .524 m (2 to 5 feet) in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant. 

'nxe tubular member 902 may comprise any number of conventional 
5 commerciaUy available tubular members modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Country Tubular Groods available from various U.S. steel mills. 
The tubular member 915 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 
10 present disclosure. Inapreferredembodiment,thetubu]armember915comprises 
Oilfield Ck>tmtry Tubular Goods available firom various U.S. steel mills. 

The various elements of the tubtilar member 902 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 
15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The various elements of the tubular member 915 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 
20 elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a plurality of tubular elements that are coupled end to 
end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 
25 The support member 904 preferably includes an innerstring adapter 916, 

a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 904 preferably supports the apparatus 900 
during movement of the apparatus 900 within a wellbore. The support member 
904 preferabfy has a substantially annular cross-section. 
30 The support member 904 may be fabricated firom any number of 

conventional commercially available naaterials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel. In a preferred 

on 



( ;nibodiinent, the support member 904? is fobrica'ted from*h>Vftiloy steel in order 

to optimally provide high yield strength*. 

The innerstring adaptor 916 preferably is coupled to and supported by a 

conventional drill string support from a surface location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 

connection 970. 

The flxiid pas8age918 is preferably used to convey flxuds and other materials 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluidicly coupled to the fluid passage 952. In a preferred embodiment, the fluid 
10 passage 918 is used to conv^hardenablefluidic sealing materials to and fro^ 
apparatus 900. In a particular^ preferred embodiment, the fluid passage 918 may 
include one or more pressure relief passages (not iUustrated) to release fluid 
pressure during positioning of the apparatus 900 within a wellbore. In a preferred 
embodiment, the fluid passage 918 is positioned £dong a longitudinal centerline of 
15 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenable fluidic materials at operating pressures 
ranging from about 0 to 620.52813 bar (0 to 9,000 psi). 

The upper guide 920 is coupled to an upper portion of the support member 
904. The upper guide 920 pr^erably is adapted to crater the support member 904 
20 within the tubular member 915. The upper guide 920 may comprise any number 
of conventional guide members modified in accordance with the te»rhingB of the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
innerstriiigadapteravailablefromHalUburtonEnergjr ServicesinDallM TXorder 
to optimally guide the apparatus 900 within the tubidar member 915. 
25 The coupling 922 couples the support member 904 to the mandrel 906. The 

coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using any 
number of conventional processes such as, for example, welding, threaded 
connections or machined from one piece. In a preferred embodiment, the various 
to elements of the support member 904 are coupled using threaded connections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
expansion cone 928, a lower cone retainer 930, a body of cement 932, a lower guide 
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934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 
950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cros8»section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator znandrel 

946, and the lubricator sleeve 948. The rubber cup 926 prevents the entiy of 
foreign materials into the interior region 972 of the tubular member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 
15 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular member 902 in order to lubricate 
20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate™, chlorine based lubricants, oil based lubricants or Climax 1500 Antiseize 
(3 lOOX In a preferred embodiment, the lubricant comprises Climax 1500 Antiseize 
25 (3100) available from Climax Lubricants and Eqiupment Co. in Houston, TX in 
order to optinially provide lubrication to fadliate the extrusion process. 

The e:q)ansion cone 928 is coupled to the lower cone retainer 930, the body 
of cement 932, the lower guide 934, the extension sleeve 936, the housing 940, and 
the upper cone retainer 944. In a preferred embodiment, during operation of the 
30 apparatus 900, the tubular members 902 and 915 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the lower cone retainer 930, housing 940 



and the upper cone retainer 944. Inner raidial movement of the expansion cone 928 is 
prevented by the body of cement 932, the housing 940, and the upper cone retainer 944. 

The expansion cone 928 preferably has a substantially annular cross section. 
The outside diameter of the expansion cone 928 is preferably tapered to provide a 
5 cone shape. The wall thickness of the expansion cone 928 may range, for example, 
fromaboutO.3175 to 7.62 cms (0.125 to 3 inches). In a preferred embodiment, the 
wall thickness of the expansion cone 928 ranges from about 0.635 to 1.905 cms 
(0.25 to 0.75 inches) in order to optimally provide adequate compressive strength 
with minima] material. The maximum and minimum outside diameters of the 
10 expansion cone 928 may range, for example, from about 2.54 to 1 19.38 cms (1 to 
47 inches). In a preferred emljodiment, the maximum and minimum outside 
diameters of the e}q>ansion cone 928 range from about 8.89 to 48.26 cms (3.5 to 1 9 
ixKhes) in order to optunally provide expansion of generally available oilfield 
tubulars 

1 5 The expansion cone 928 maybe fabricated from any number of conventional 
commercially available materials such as, for example, ceramic, tool steel, titanium 
orlowalloysteel. In a prefened embodiment, the expansion cone 928 is fabricated 
from tool steel in order to optimally provide high strength and abrasion resistance. 
The surface hardness of the outer surface of the expansion cone 928 may range, for 

20 example, from about 50 Rockwell C to 70 Rockwell C. In a prefenred embodiment, 
the surface hardness of the outer surface of the expansion cone 928 ranges fix>m 
about 58 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a prefen^ embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 

25 opUmaUy provide abrasion resistance and fracture toughness. 

The lower cone retainer 930 is coupled to the expansion cone 928 and the 
housing 940. In a preferred embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone retainer 
930 has a substantially annular cross-section. 

30 The lower cone retainer 930 may be fabricated from any number of 

conventional commercially available materials such as, for example, ceramic, tool 
steel, titanium or low alloy steel. In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimal^ provide high strength 

30. 
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and abrasion resistance. The surface hardness of the outer surface of the lower 
cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a prefened embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a preferred embodiment, the lower cone retainer 930 and the expansion 
1 0 cone 928 are fonned as an integral one-piece element in order reduce the number 
of components and increase the overall strength of the apparatus. TTie outer 
surface of the lower cone retainer 930 preferably mates with the inner surfaces of 
the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 
1 5 The body of cement 932 provides an inner bearing stmchire for the mandrel 906. 
The body of cement 932 further may be easily drilled out using a conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 
20 commerclallyavailable cement compounds. Alternatively, aluminum, cast iron or 
some other drillable metallic, composite, or aggregate material maybe substituted 
for cement. The body of cement 932 preferably has a substantially annular cross- 



section. 



The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 
25 During operation of the apparatus 900, the lower guide 934 preferably helps guide 

themovemenlofthemandrel906withlnthelubularmember902. The lowerguide 
934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
commercially available materials such as. for example, oilfield tubulars. low alloy 
30 steel or stainless steel. In a prefen-ed embodiment, the lower guide 934 is 
fabricated from low alloy steel in order to optimally provide high yield strength. TTie 
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outer surface of the lower guide 934 preferably mates with the inner surface of the 
tubular member 902 to provide a sliding fit. 

The extension sleeve 936 is coupled to the lower guide 934 and the housing 
940. During operation of the apparatus 900. the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. The 
extension sleeve 936 preferably has a substantially annular cross-section. 

The extension sleeve 936 may be fabricated from any number of 
convenUonal commercially available materials such as. for example, oilfield 
tubulars. low aUoy steel or stainless steel. In a preferred embodiment, the 
1 0 extension sleeve 936 is fabricated from low alloy steel in order to optimally provide 
high yield strength. The outer surface of the extension sleeve 936 preferably mates 
with the inner surface of the tubular member 902 to provide a sliding fit. In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
fonmed as an integral one-piece element in order to minimize the number of 
1 5 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this manner, a plug or dart can be conveyed from the 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 Preferably, the spacer 938 has a substantially annular cross-section. 

The spacer 938 may be fabricated from any number of conventional 

commerdallyavailablematerialssuchas.forexample.steel.aluminumorcastiron. 
In a preferred embodiment, the spacer 938 is fabricated from aluminum in order 

tooptimallyprovidedrillability.Theendof the spacer938preferably mates with Uie 
25 end of the extension tube 960. In a preferred embodiment, ttie spacer 938 and the 
sealing sleeve 942 are fonned as an Integral one-piece element in order to reduce 
the number of components and increase the strength of the apparatus. 

The housing 940 is coupled to the lower guide 934. extension sleeve 936 
expansion cone 928. body of cement 932. and lower cone retainer 930. During 
30 operation of the apparatus 900. the housing 940 preferably prevents inner radial 
motion of the expansion cone 928. Preferably, the housing 940 has a substantially 
annular cross-section. 
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The housi™, 940 may be fabricated from any number of convenHonal 
commercMyavallabie maleriab such as. for example, oilHeW lubulars. Iowa]loy 
steel or stainless s,ee.. In a prefened embodlmen,. «« housing 940 is fabricated 

''""•'owalloys.eelino.der.oopumallypro.idehlghyieldstrength. Inaprefened 
5 embodiment, the lower guide 934, extension sleeve 936 and housing 940 are 
fom«d as an integral one-piece element in order to minimize the number of 
components and increase the strength of the apparatus. 

'"^•""'"■Wypreferredembodimenl.thein.eriorsurfaceof.hehousing 
940 .ncludes one or more protmsions to faciHate the connecUon between the 
10 housing 940 and the body of cement 932. 

•Ok sealing sleeve 942 is coupled to U« support member 904. the body of 
cement 932. the spacer 938. a^i the uppercone retatoer 944. During operaUon of 
me appan„us. the sealing sleeve 942 preferably provides support Ibr the mandrel 

906. Thesealingsleeve942ispreferablycoupled.othesuppor.member904using 
.5 .he coupiuig 922. Preferably, the sealing sleeve 942 has a substanualiy annu J 
cross-section. ' 

unsealing Sleeve 942 may be fabricated from any number of convenuonal 
commerclallyavaibblematerialssuchas,forexample.s.eel.aluminumorcas.i™, 

20 order to optm«lly provide drillability of the seaHng sleeve 942 

In a par.cu.arly prefened embodiment the outer surface of the seali«, 

sleve942,ncludeso„eormoreprot™sionstofaciliate.heco™««lonbetweent^ 
sealing sleeve 942 and the body of cement 932. 

'"'•^'=^'*'P'*'*"«'e"*odime«,thespacer938a«l,hesealings^ 

? '"""'^ '° ^P^"^-" cone 928. the 

sealing sleeve 942, and the bodv of omoni o^') rv • 

900 .h. ™'™'>^°'"'"«"I932 Dunngoperaiionoftheapparalus 

900. the uppercone retainer944preferablypreven.s axial moUon of U« expansion 
30 c^S. ''-'erab,,theupperconere,aine,944hasasubs,antia.,annZZ 



3S 



The upper cone retainer 944 may be fabricated from 'any number of 
conventional commercially available materials such as. for example, steel, 
aluminum or cast iron. In a prefen-ed embodiment, the upper cone retainer 944 is 
fabricated from aluminum in order to optimally provide drillability of the uppercone 
5 retainer 944. 

In a particularly preferred embodiment, the upper cone retainer 944 has a 
cross-sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cioss-sectional shape 

that is substantially Lshapedtopiovide increased rigidity and minimize theamount 
10 of material that would have to be driUed out. 

The lubricator mandrel 946 is coupled to the retainer 924. the mbber cup 926 
the upper cone retainer 944. the lubricator sleeve 948, and ttie guide 950. During 
operation of the apparatus 900. the lubricator mandrel 946 preferably contains the 
body of lubricant in the annular region 972 for lubricating the interface between the 
15 mandrel906andmetubularmember902. Preferably, the lubricator mandrel 946 
has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as. for example steel 
aluminum or cast iron. In a preferred embodiment, the lubricator mandrel 946 Is 

20 fabricated fromaluminum in order to optimally provide drillability of the lubricator 
mandre] 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946 the 
retamer924. the rubber cup 926. tiie upper cone retainer 944. the lubricator sleeve 
948. and the guide 950. During operation of ttie apparatus 900. the lubricator sleeve 
25 948preferablysupportsti,enibbercup926. Preferably. ti,e lubricator sleeve 948 
has a subslantiaUy annular cross-section. 

•me lubricator sleeve 948 may be fabricated from any number of 
conventional commercially avaOable materials such as. for example steel 
aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 
30 fabncated from aluminum in order to optimally provide drillabiOty of tiie lubricator 
sleeve 948. 
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As illustrated in Fig. 9c. the lubricator dl^e^ 948 is sd^poAed By the lubricator 
mandrel 946. The lubricator sleeve 948 in turn supports the mbber cup 926. The 
retainer 924 couples the mbber cup 926 to the lubricator sleeve 948. In a preferred 
embodiment, seals 949a and 949b are provided between the lubricator mandrel 
5 946. lubricator sleeve 948. and mbber cup 926 in order to optimally seal off the 
Interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, and 
the lubricator sleeve 948. During operation of ttie apparatus 900. the guide 950 
preferably guides the apparatus on ttie support member 904. Preferably, tiie guide 
1 0 950 has a substantially annular cross-section. 

The guide 950 may be fabricated from any number of conventional 

commerdallyavailablematerialssuchas.forexample.steel.aJumlnumorcastiron. 
In a prefen^d embodiment, the guide 950 is fabricated from aluminum order to 
optimally provide drillability of the guide 950. 

15 •n>efluidpassage952iscoupledtomemandrel906. During operation of tfie 

apparatus, ttie fluid passage 952 preferably conveys haidenable fluidic materials. 

Inapreferred embodiment, ttie fluid passage 952 ispositioned about tfiecenteriine 
of me apparatus900.inaparticulariypreferredembodiment. the fluid passage 952 
isadaptedtoconveyhardenablefluldicmaterialsatpressuresandflowrateranging 
20 from about 0 to 620.52813 bar (0 to 9.000 psi) and 0 to 1 1356.2355 litres/minute (0 
to 3.000 gallonVmin) In order to optimally provide pressures and flow rates to 
displace and circulate fluids during the installation of ttie apparatus 900. 

The various elements of ttie mandrel 906 may be coupled using any number 
of conventional process such as, for example, tfireaded connections, welded 
25 connectionsorcementing. m a preferred embodiment, ttie various elements of ttie 
mandrel 906 are coupled using ttueaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956. a 
sealing sleeve 958. an extension tube 960. a fluid passage 962. and one or more 
outiet jets 964. 

30 Thehouslng954iscoupledtott,e body ofcement 956 and the lower portion 

914 of the tubular member 902. During operation of ttie apparatus 900. the housing 

954preferably couples the lowerportion of ttie tubular member902tott,e shoe 908 
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to facilitate the extnision and positioning of the tubular member 902. Preferably, 
the housing 954 has a substantially annular cross-section. 

The housing 954 may be fabricated from any number of convenUonal 
commercially available materials such as. for example, steel or aluminum. In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide drillability of the housing 954. 

In a particularly prefen-ed embodiment, the Interior surface of the housing 
954 Includes one or more protmsions to fadliate the connection between the body 
of cement 956 and the housing 954. 
1 0 The body of cement 956 is coupled to the housing 954. and the seaUng sleeve 

958. In a prefen-ed embodiment, the composition of the body of cement 956 is 
selected to permU the body of cement to be easily drilled out using convenUonal 
drilling machines and processes. 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drillable 
material such as. for example, aluminum or Iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956. the extension 
tube 960. tiie fluid passage 962. and one or more outlet jets 964. During operation 
20 of the apparatus 900. the sealing sleeve 958 preferably is adapted to convey a 
hardenable fluidic material from tiie fluid passage 952 into the fluidpassage 962 and 
then into tiie ouUet jets 964 in order to inject the hardenable fluidic material Into an 
annular region external to the tubular member 902. In a pieferred embodiment, 
during operation of the apparatus 900. the sealing sleeve 958 further includes an 

25 inletseometrythatpemiiisaconventionalplugordart974tobecomelodgedintiie 
inlet of the sealing sleeve 958. In tfiis manner. Uie fluid passage 962 may be 

blocked therebyfluidicly isolating ttieinteriorregion966ofthetubularmember902. 

Ina prefen^ed embodiment, the sealing sleeve 958 has a substantially annular 
cross-section. The sealing sleeve 958 may be fabricated from any number of 
30 conventional commercially available materials such as. for example, steel, 
aluminum or cast iron. In a prefenred embodiment, the sealing sleeve 958 is 
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liabncated from aluminum in order to optimally provide drinabilifyohhe sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to convey a hardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outtet jets 964 in order to inject the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900. the sealing sleeve 960 further includes an inlet 
10 geometiy that permits a conventional phig or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fluidicfy isolating the interior ragion 966 of the tubular member 902. In 
a preferred embodiment, one end of the extension tube 960 mates with one end of 
the spacer 938 in order to optimally fadliate the transfer of material between the 
16 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annularcross-section. The extension tube 960 may be fabricated from any number 
of conventional commerdaUy available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube'960 is' 
20 fabricated from aluminum in order to optimally provide driUabflily of the 
extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, and one or mora outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials In a 
25 prafenred embodiment, the fluid passage 962 is positioned about the centerline of 
the apparatus 900. In a particularly preferred embodiment, the fluid passage 962 
IS adapted to convey hardenable fluidic materials at pressures and flow rate 
ranging fiom about 0 to 620.52813 bar (0 to 9.000 psi) and 0 tol 1356.2355 (0 to 3 000 
gallons/min) in order to optimally provide fluids at operationally efficient rates. 

Theoutletjete964arecoupledtothesealing8leeve958,theextensiontube * 
960. and the fluid passage 962. Duringoperation of the apparatus 900, the outlet 
_ jets 964 preferably conv^ hardenable fluidic material lh>m the fluid passage 962 
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^ totheregionexterioroftheapparatusSOO. ii'a'prefermi'embo'dimei^t. th^ 
908 includes a plurality of outlet jets 964. 

In apreferred embodiment, the outlet jets 964 comprise passages drilled in 
the housing 964 and the body of cement 956 in order to simplify the construction 
5 of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process such as. for example, threaded connections, cement or 
machined from one piece of material. In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement. 

In a preferred embodiment, the assembly 900 is operated substantially as 
descnbed above with reference to Kgs. 1^ to create a new section of casing in a 
weUbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a wellbore into a subterranean formation 
a dnll string is used in a weU known manner to drill out material from the' 
15 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterrenean 
formation isttien positioned in the new section ofthe wellbore. In a particular^ 
preferred embodiment, the apparatus 900 includes the tubular member 916 In a 
preferred embodiment, a hardenable fluidic sealing hardenable fluidic sealing 
20materialisthenpumpedfromasurfacelocationintothefluidpassage918 The 

hardenablefluidicsealingmaterialthenpas8esfromthefluidpassage918intothe 
mterior region 966 of the i«bular member 902 bebw the mandrel 906. Tte 

the fhud passage 962. hardenable fluidic sealing material then exits the 
900 via the outlet jets 964 and mis an annular region between the 
exte«or of the tubular member 902 and theinteriorwall of thenewsectionof the 
weUbore. <>>ntinued pumping ofthe hardenable fluidic sealing material causes the 
material to fiU up at least a portion of the amiular region. 

^^^d«-ble fluidic sealing material is preferably pumped into the 

the h.rA K. n . ganoDsAnm). respectively. In a preferred embodiment. 

theharde.abIcflu.drcseaKr«„^i,p^^^^^^^^^^^^^ '"'^ 
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and now rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenabJe fluidic sealing material while not 
creating high enough circuIaUng pressures such that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and How rates 
5 are preferably detennined using conventional empirical methods. 

The hardenable fluldic sealing material may comprise any number of 
conventional commercially available hardenable fluldic sealing materials such as. 
for example, slag mfac, cement or epoxy. In a preferred embodiment, the 
hardenable fluldic sealing material comprises blended cements designed 
10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas. TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimize 

operational difficuIUesduring the displacementofthecementin the annular region. 
The optimum composition of the blended cements is preferably detennined using 
15 conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the tubular 
member 902. the annular region of the new section of the wellbore will be filled 
with hardenable material. 
20 Once the annular region has been adequately filled with hardenable fluidic 

sealing material, a plug or dart 974. or other similar device, preferably is introduced 
into the fluid passage 962 thereby fluidicly isolating the interior region 966 of the 
tubular member 902 from the extemal annular region. In a preferred embodiment, 
a non hardenable fluidic material is then pumped into the Interior region 966 
25 causing the interior region 966 to pressurize. In a particularly prefened 
embodiment, the plug ordart974. or other similar device, preferably is introduced 
into the fluid passage 962 by introducing the plug or dart 974. or other similar device 
into Uie non hardenable fluidic material. In this manner, the amount of cured 
material within the interior of the tubular members 902 and 915 is minimized. 
30 Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 915 are exlnided off of the mandrel 906. The mandrel 906 may 
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eSctnision pro&ess, lihe mandrel 906 



( be fixed or it may be expandible. During the' 

is raised out of the expanded portions of the tubular members 902 and 916 using 
the support member 904. Duringthis extrusion process, the shoe 908 ispreferably 
substantially stationary. 

5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fluid passage 918 at a surface location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passage such as, 
for example. Multiple Stage Cementer (MSG) latch-down plug, Omega latch-down 
10 plug or three-wiper latch down plug modified in accordance with the teachings of 
the present disclosure. Inapreferred embodiment, thephigor dart 974 comprises 
a MSG latch-down plug available from Halliburton Energy Services in Dallas, TX. 

Afl«r placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably punq>ed into the interior region 966 at 
15 pressures and flow rates ranging fiom approximately 34.473 to 620.52813 bar (500 to 
9.000 psi) and 151 .4164 to 1 1356.2355 litrcs/minute (40 to 3,000 gallons/min) in oider to 
optimally extnide the tubular members 902 and 915 off of the mandiel 906. 

For tjpfcd tubul« numbers 902 and 915. the extnuioo of ft^ 
of 4e cxpandia,le u^l win begin when d« of the interior region 966 reaches .ppreximately 

34.473 to 620.52813 bar (500 to 9.000 psi). In a prefened en*odin«n, the extrusion of the tabular 
member, 902 and 915 off of ti« mandrel 906 begins when the pressure of the interior region 966 reaches 
approximately 82.7352 to 586.041 bar (1.20O to 8.500 psi) with a flow rate of about 151.4164 to 
4731.7648 litres/minute (40 to 1250 gallons/minute). 

During the extnosion process, the mandrel 906 may be raised out of the expanded 
portions of the tubular members 902 and 915 at rates ranging, for example, fiom about 0 
25 to 1.524 m/s(0 to 5 ft/sec). In a preferred embodiment, during the extrusion process, the 
mandrel 906 is raised out of the expanded portions of the tubular members 902 and 915 
at rates ranging from about 0 to 0.6096 m/s (0 to 2 ft/sec) in order to optimally provide 
puUmg speed fast enough to pemiit efficient operation and pemiit full expansion of the 
tubular members 902 and 915 prior to curing of the hardenable fluidic sealing material- 
but not so fast that timely adjustment of operating parameters during operation is 
30 prevoited. 



When the upper end portion of the tubiikr member 's'l 5 is 'extKi'ded off of the 

mandrel 906. the outer surface of the upper end portion of the tubular memberSlS 
wOl preferably contact the interior surface of the lower end portion of the existing 
casing to fonn an fluid tight overiapping joint. The contact pressure of the 
5 overlapping joint may range, for example, from approximately 3.447379 to 
1 .278.95 1 4 bar (50 to 20,000 psi). In a prefeired embodiment, the contact pressure 
of the overlapping joint between tiie upper end of the tubular member 91 5 and the 
existing section of wellbore casing ranges from approximately 27.579028 to 
689.4757 bar (400 to 10.000 psi) in order to optimally provide contact pressure to 
10 activate the sealing membere and provide optimal resistance such that the tubular 

member915andexisting wellbore casing wiU cany typical tensile and compressive 
loads. 

In a prefeired embodiment, the operating pressure and flow rate of ttie non 
hardenable fluidic material will be controUably ramped down when tt,e mandrel 
15 906reachesUieupperendportionoftiietubularmember915. In this manner. Uie 
sudden release of pressure caused by the complete extmsion of the tubular 
member 91 5 off of the expandable mandrel 906 can be minimized. In a prefeired 
embodiment, ttie operating pressure is reduced in a substantially linear fashion 
ftom 100% to about 10% during the end of ttie extmslon process beginning when 

20 themandrel906hascompletedapproximatelyallbutabouttfielast 1.524m (5feet) 
of the exbfuslon process. 

In an alternative preferred embodiment, tiie operating pressure and/or flow 
rate of ttie hardenable fluidic sealing material and/or ttie non haidenable fluidic 
material are controlled during all phases of ttie operation of the apparatus 900 to 

25 minimize shocJe 

Alternatively, or in combination, a shock absorber is provided in the support 
member 904 in o«Ier to absort, ttie shock caused by ttie sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching stnicture is provided 

30 above ttie support member 904ln Older to catchoratleastdecelerate ttie mandrel 
906. 

Once tfie extiusion process is completed, ttie mandrel 906 is removed from 
ttie wellbore. In a prefeired embodiment, eittier before or after ttie removal of ttie 



mandrel 906, the integrity of the fluidic seal of the overlapping joint between the 
upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using conventional methods. If the fluidic seal of the overlapping 
joint between the upper portion of the tubular member 9 1 5 and the lower portion 
5 of the existing casing is satisfactoiy, then the uncured portion of any of the 
hardenable fluidic sealing material within the expanded tubular member 91 5 is then 
removed in a conventional manner. The hardenable fluidic sealing material within 
the annular region between the expanded tubular member 915 and the exisUng 
casing and new section of weHbore is then allowed to cure. 
1 0 Preferably any remaining cured hardenable fluidic sealing material within the 

interior of the expanded tubular members 902 and 915 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
of casing preferably Includes the expanded tubular members 902 and 915 and an 

outer annular layerof cured hardenablefluidicsealing material. The bottom portion 
15 of the apparatus 900 comprising the shoe 908 may then be removed by drilling out 
the shoe 908 using conventional driUing methods. 

In an alternative embodiment, during the extrusion process, it may be 
necessaiy to remove the entire apparatus 900 from the interior of the wellbore due 
to a malfunction. In this circumstance, a conventional drill string is used to drill out 
20 the interior sections of the apparatus 900 in order to facilitate the removal of the 
remaining sections. In a preferred embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as. for example, cement and 
aluminum, that permit a conventional driU string to be employed to drill out the 
interior components. 

25 In particular, in a prefenred embodiment, the composition of the interior 
sections of the mandrel 906 and shoe 908, including one or more of the body of 
cement932. the spacer 938. the sealing sleeve 942, the upper cone retainer 944. the 
lubricator mandrel 946, the lubricator sleeve 948, the guide 950. the housing 954, the 
body of cement 956, the sealing sleeve 958, and the extension tube 960, are 

30 selected to permit at least some of these components to be drilled out using 
conventional drilling methods and apparatus. In this manner, in the event of a 
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malfunction downhole, the apparatus 900 may be easily removed from the 
wellbore. 

Refening now to Figs. 10a. 10b, lOc, lOd. lOe, lOf, and lOg a method and 
apparatus for creating a tie-back liner in a wellbore will now be described. As 
5 illustrated in Fig. 1 Oa, a wellbore 1 000 positioned in a subterranean fomiaUon 1 002 
includes a first casing 1004 and a second casing 1006. 

The first casing 1004 preferably includes a tubular liner 1008 and a cement 
annulus 1010. The second casing 1006 preferably includes a tubular liner 101 2 and 
a cement annulus 1014. In a preferred embodiment, the second casing 1006 is 
10 formed by expanding a tubular member substanUally as described above with 
reference to Figs. l-9c or below with reference to Figs, 1 la-llf. 

In a particularly preferred embodiment, an upper portion of the tubular liner 
1012 overlaps with a lower portion of the tubular finer 1008. In a paitlculariy 
preferred embodiment, an outer surface of the upper portion of the hibular liner 
15 1012 includes one or more seaUng members 1016 for providing a fluldic seal 
between the tubular liners 1008 and 1012. 

Refening to Fig. lOb, in order to create a tie-back liner that extends from the 
overiap between the first and second casings. 1004 and 1006, an apparatus 1 100 is 
preferably provided that includes an expandable mandrel or pig 1 105. a tubular 
20 member 1 1 1 0, a shoe 1115, one or more cup seals 1 1 20. a fluid passage 1 1 30, a fiuid 

passage 1135. one or more fluid passages 1140. seals 1145, andasupport member 
1150. 

The expandable mandrel or pig 1105 Is coupled to and supported by the 
support member 1 150. The expandable mandrel 1 105 Is preferably adapted to 

25 controllably expand In a radial direction. The expandable mandrel 1105 may 
comprise any number of conventfonal commercially available expandable 
mandrels modified In accordance with the teachings of the present disclosure. In 
a preferred embodiment, the expandable mandrel 1105 comprises a hydraulic 
expansion tool substanUally as disclosed in U.S. PaL No. 5,348,095, the disclosure 

30 of which is incorporated herein by reference, modified in accordance with the 
teachings of the present disclosure. 
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The tubular member 1 1 1 0 is coupled to and supported'by the'expandable mandrel 
1105. The tubularmember llOSisexpandedintheiadialdirectionandextrudedoff of the 

expandable mandrel 1 105. The tubular member 1 1 10 may be 

fabricated fix)m any number of materials such as. for example, Oilfield Countiy Tubular 
5 Goods, 13 chromium tubing or plastic piping. In a preferred embodiment, the tubular 

member 1 110 is fabricated from Oilfield Countiy Tubular Goods. 

The Innerand outer diameters of the tubularmember 1 1 10 may range, for example, 

from approximately 1.905 to 1 19.38 cms (0.75 to 47 inches) and 2,667 to 121.92 cms (1.05 

to 48 inches), respectively. In a preferred embodiment, the inner and outer diameters of 
10 the tubular member 1 1 10 range from about 7.62 to 39.37 cms (3 to 15.5 Inches) and 8.89 

to 40.64 cms (3.5 to 16 inches), respectkely in order to optimally provide coverage for 

typical oilfield casing sizes. The tubular member 1110 preferably comprises a solid 

memt>er. 

In a preferred embodiment, the upper end portion of the tubular meml>er 1 1 10 is 

1 5 slotted, perforated, or otherwise modified to catch or slow down the mandrel 1 105 vs^en 
it completes the extrusion of tubular member 1 1 10. In a preferred embodiment, the length 
of the tubular member 1 1 1 0 is limited to minimize the possibility of buckling. For typical 
tubularmember 1 1 lOmaterials, the length of the tubularmember 1 1 10 is preferably limited 
to between about 12.192 to 6,096m (40 to 20.000 feet) in length, 

20 The shoe 1 1 1 5 is coupled to the eiqpandable mandrel 1 1 05 and the tubular member 

1 1 10. The shoe 1115 includes the fluid passage 1 135. The shoe 1115 may comprise any 
numl>er of conventional commercially available shoes such as, for example, Super Seal II 
float shoe, Super Seal II Down-Jet float shoe oraguide shoe with a sealing sleeve foralatch 
down plug mocfified in accordance with the teachings of the present disclosure. In a 

25 preferred embodiment, the shoe 1115 ccmiprises an aluminum down-jet guide shoe with 
a sealing sleeve for a latch-down plug with side ports radiating off of the exit flow port 
available from Halliburton Energy Services in Dallas, TX, modified in accordance with the 
teachings of the present disclosure, in order to optimally guide the tubular memt>er 1 100 
to the overlap between the tubular member 1 100 and the casing 1012, optimally fluididy 

30 isolate the interior of the tubular member 1 100 after the latch down plug has seated, and 
optimally permit drilling out of the shoe 1115 after completion of the expansion and 
cementing operations. 

In a preferred embodiment, the shoe 1115 includes one or more side outlet 
ports 1 1 40 in fluidic communication with the fluid passage 1 1 35. In this manner, 
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vhe shoe 1115 injects hardenable fluidic sealing material into the region outside the 

shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1140 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this m a nn er, the fluid passages 
5 1 140 can be sealed off by introducing a plug, dart and/or ball sealing elements into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1 150. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 1110 acOacent to the eagjandable mandrel 1105. The cup seal 
10 1 120 may comprise any number of conventional commercially available cup seals 
such as, for example, TP cups or Selective Injection Packer (SIP) cups modified m 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 
15 containabody of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
frx)m the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the ejqMndable mandrel 1105. The fluid passage 1130 
20 preferably extends from a position adjacent to the surface to the bottom of the 
e3q>andable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 1 1356.2355 Utres/minute (0 to 3,000 gallons/minute) 
25 and 0 to 620.528 13 bar (0 to 9,000 psi) in order to optimally provide sufficient operating 
pressures to circulate fluids at operational eflicient rates. 

The fluid passage 1135 permits fluidic materials to be transmitted fr^m fluid 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 

The fluid passages 1140 permits fluidic materials to be transported to and 
30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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^ ^andable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a plug, or otfier similar device, to be placed in the ttuid 
passages 1140 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 

5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 
member 1105. This permits the interior region of the tubular member 1110 below 

the expandable mandrel 1105 to be pressurized. 

The fluidpassages 1140 are preferably positioned along the periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to conv^ materials 
10 such as cement, drilling mud or epoxies at flow rates and pressures ranging from 
about 0 to 1 1356.2355 Utres/minute (0 to 3,000 gallons/minute) and 0 to 62.52813 bar (0 
to 9,000 psi) in order to optimally fill the annular region between the tubular member 
11 10 and the tubular liner 1008 with fluidic materials. In a preferred embodiment, the 
fluid passages 1 140 include an inlet geometry that can receive a dart and/or a ball sealing 
member, hi this manner, the fluid passages 1 140 can be sealed off by introducing a plug, 
dart and/or ball sealing elements into the fluid passage 1 130. In a preferred embodiment, 
the ^aratus 1100 includes a plurality of fluid passage 1 140. 

In an alternative onbodiment, the base of the shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 
20 or other similar device, to penmt the interior region of the tubular member 1110 
to be fluidicly isolated from the exterior of the tubular member 1 110. 

. The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1145 are further portioned on an outer sur£ace 
of the lower end portion of the tubular member 1110. The seals 1146 permit the 
25 overlappmg joint between the upper end portion of the casing 1012 and the lower 
end portion of the tubular member 1110 to be fluidicly sealed. 

The seals 1146 may comprise any number of conventional commercially 
available seals such as, for example, lead, rubber. Teflon™ or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 
30 embodiment, the seals 1145 comprise seals molded from Stratalock epoxy available 
fr^m Halliburton Energy Services in Dallas, TX in order to optimally provide a 



uydrauUc seal in the overlapping joint and optimaUy provide load carrying capacity 
to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1145 are selected to optimally provide 
a sufBcient frictional force to support the expanded tubular member 11 10 from the 
5 tubular liner 1008. In a preferred embodiment, the frictional force provided by the 
seals 1 145 ranges torn about 68.94757 to 68, 947,57 bar (1.000 to 1,000, 000 Ibf) in tension and 
compression in order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120, The support member 1150 
10 preferably comprises an annular member having sufficient strength to cany the 
apparatus 1100 into the wellbore 1000. In a preferred embodiment^ the support 
member 1160 ftuiiher inchides one or more conventional centralizers (not 
illustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1150 is provided in the 
15 finmilAr region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tubular member 1110 
^ off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
for example Lubriplate™, chlorine based lubricants or Climax 1500 Antisieze (3100)- 
20 In a preferred embodiment, the lubricant 1150 comprises Climax 1500 Antiseize 
(3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In apreferred embodiment, the support member 1150 is thoroxighly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 
25 manner, the introduction of foreign material into the apparatus 1 100 is minimized. 
This minimizes the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 
30 packer 1156 coupled to the bottom section of the shoe 1115 for fluidicly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fluidic 
materials are prevented from entering the region of the wellbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available paclcers such as, for example, EZ Drill Packer, EZ SV Packer 
or a drillable cement retainer. In a preferred embodiment, the packer 1155 
comprises an EZ Drill Packer available from Halliburton Enei^ Services in Dallas, 
5 TX. In an altemathre embodiment, a high gel strength pill may be set below the Ue- 
back in place of the packer 1 155. In another alternative embodiment, the packer 
1 155 may be omitted. 

In a prefeired embodiment, before or after positioning the apparatus 1 100 
within the wellbore 1 100, a couple of wellbore volumes are circulated in order to 
10 ensure that no foreign materials are k>cated within the wellbore 1000 that might 
clog up the various flow passages and vah^ of the apparatus 1 100 and to ensure 
that no foreign material interferes with the operation of the e}q>ansion mandrel 
1105. 

As illustrated in Fig. 10c, a hardenable lluidic sealing material 1 160 is then 

1 5 pumped from a surface location into the fluid passage 1 1 30. The material 1 1 60 then 
passes from the fluid passage 1 130 into the interior region of the tubular member 
1110 below the expandable mandrel 1 1 05. The material 1 1 60 then passes from the 
interior region of the tubular member 1110 into the fluid passages 1140. The 
material 1 1 60 then exits the apparatus 1 1 00 and fills the annular region between the 

20 exterior of the tubular member II 10 and the interior waU of the tubular liner 1008. 
Continued pumping of the material 1 1 60 causes the material 1 1 60 to fill up at least 
a portion of the annular region. 

The material 1 160 may be pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5,000 psi) and 

25 0 to 5678.1 177 litres/minute (0 to 1,500 gallons/min), respectively. In a preferred 
embodiment, the material 1 160 is pumped into the annular region at pressures and 
flow rates specifically designed for the casing sizes being nin, the annular spaces 
being filled, the pumping equipment available, and the properties of the fluid being 
pumped. The optimum flow rates and pressures are preferably calculated using 

30 conventional empirical methods. 
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The hardenable fluidic sealing material 1 160 may comprise any number of 
conventional commercially available hardenable Ouidic sealing materials such as, 
for example, slag mix. cement or epoxy. In a preferred embodiment, the 
hardenable Ouidic sealing material 1 160 comprises blended cements specifically 
5 designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper support for the tubular 
member 1 1 10 while maintaining optimum How characteristics so as to minimize 
operational difficulties during the displacement of cement in the annular region. 
The optimum blend of Uie blended cements are preferably detennined using 
10 conventional empirical methods. 

The annular region may be filled witti tiie material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110. the 
annular region will be filled witti material 11 60. 

As illustrated in Fig. 1 Od, once the annular region has been adequately filled 

15 wittimaterial 1160,oneormoreplugs n65,orothersimilardevlces,preferablyare 
introduced into the fluid passages 1 140 tiierebyfluididy isolating tiie interior region 
of tiie tubular member 1 1 10 from ttie annular region external to the lubularmember 
1 1 10. In a prefened embodiment, a non hardenable fluidic material 1 1 61 Is then 
pumped into the interior region of the tubular member 1110 below the mandrel 
20 1105 causing the interior region to pressurize. In a partlculariy preferred 
embodiment, the one or more plugs 1 165. or otfier similar devices, are introduced 
into tiie fluid passage 1140 witf, tiie introduction of tiie non hardenable fluidic 
material. In this manner, tiie amount of hardenable fluidic material within tfie 
interior of tfie tubular member 1 110 is minimized. 
25 As illustrated In Fig. lOe. once tiie interior region becomes sufficientiy 

pressurized, ttie tubular member 1 1 1 0 is extruded off of tfie expandable mandrel 
1 1 05. During the extrusion process, the expandable mandrel 1 1 05 Is raised out of 
tfie expanded portion of tfie tubular member 1110. 

The plugs 1165 are preferably placed into tfie fluid passages 1140 by 
30 introducing tfie plugs 1 165 into tfie fluid passage 1 130 at a surface location in a 
conventional manner. The plugs 1 1 65 may comprise any number of com^entional 
commerdallyavailable devices frompluggingafluid passage such as.for example. 
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brass balls, plugs, nibber balls, or darts modified in accordance with the teachings of the 
present disclosure. 

In a preferred embodiment, the plugs 1165 comprise low density rubber balls. In an 
alternative embodiment, for a shoe 1 105 having a corrunon central inlet pass^e, the plugs 1 165 
5 comprise a single latch down dart. 

After placement of the plugs 1 165 In the fluid passages 1 140, the non hardenable 
fluidic material 1 161 is preferably pumped into the interior region of the tubular member 
1 1 10 below the mandrel 1105 at pressures and flow rates ranging from approximately 
34.473 to 620.52813 bar (500 to 9,000 psi) and 15K4164 to 1 13.562.355 litres/minute (40 to 
1 0 30,000 gallons/min). In a preferred embodiment, after placement of the pli^s 1 1 65 in the 
fluid passages 11 40, the non hardenable fluidic materiall 161 is preferably pumped into the 
interior region of the tubular member 1 1 10 below the mandrel 1105 at pressures and flow 
rates ranging from approximately 82.737 to 586.0543 bar (1200 to 8500 psi) and 151.4 164 to 
4731.7648 litres/minute (40 to 1250 gallons/min) in order to optimally provide extrusion of 
15 typical tubulars. 

For ^Ical tubular members 1 1 10, the extrusion of the tubular member 1 1 10 off of the 
expandable mandrel 1 105 will beginwhen the pressure of the interior region of the tubular member 
1 1 10 below the mandrel 1 105 reaches, for example, approximately 82.737 to 586.0543 bar (1 200 to 
8500 psi). In a preferred emt)odiment, the extrusion of the tubular member 1 1 10 off of the 

20 expandable mandrel 1 105 t>egins when the pressure of the interior region of the tubular member 
1 110 below the mandrel 1 105 reaches approximately 82.737 to 586.0543 bar (1200 to 8500 psi). 

During the extrusion process, the expandable mandrel 1 105 may he raised 
out of the expanded portion of the tubular member 1110 at rates ranging, for 
example, from about 0 to 1.524 m/s (0 to 5 ft/sec). In a preferred embodiment, 

25 during the extmsion process, the expandable mandrel 1105 is raised out of the 
expanded portion of the tubular member 1 1 10 at rates ranging from about 0 to 
0.6096 m/s (0 to 2 ft/sec) in order to optimally provide permit adjustment of 
operational parameters, and optimally ensure that the extrusion process will be 
completed before the material 1 160 cures. 

30 In a prefen^ed embodiment, at least a portion 1 180 of the tubular member 

1 1 10 has an internal diameter less than the outside diameter of the mandrel 1 105. 
In this manner, when the mandrel 1 105 expands the section 1 180 of the tubular 
member 1 1 1 0, at least a portion of the expanded section 1 1 80 effects a seal with at 
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least the wellbore casing 1 012. In a particulariy pre'feired embodiment, the seal is 
effected by compressing the seals 1016 between the expanded section 1 180 and 
the wellbore casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1 180 of the tubular member 1 1 10 and the 
5 casing 1012 ranges from about 34.473785 to 689.6757 bar (500 to 1 0,000 psi) in order 
to optimally provide pressure to activate the sealing members 1 145 and provide 
optimal resistance to ensure that the joint will withstand typical extremes of tensile 
and compressive loads. 

In an altemative prefen^ed embodiment, substantially all of the entire length 
10 of the tubular member 1 1 1 0 has an internal diameter less than the outside diameter 
of the mandrel 1 105. In this manner, extmsion of the tubular member 1 1 10 by the 
mandrel 1 105 results In contact between substantially all of the expanded tubular 
memberl 1 10 and the existing casing 1008. In a prefened embodiment, thecontact 
pressure of the joint between the expanded tubular member 1 1 10 and the casings 
15 1008 and 1012 ranges from about 34.473785 to 689.6757 bar (500 to 10,000 psi) in 
order to opUmally provide pressure to activate the sealing members 1145 and 
provide optimal resistance to ensure that Uie joint will withstand typical extremes 
of tensile and compressive loads. 

In a prefened embodiment, the operating pressure and flow rate of the 
20 material 1 161 is controllably ramped down when the expandable mandrel 1 105 
reaches the upper end portion of ttie tubular member 1110. In Oils manner, ttie 
sudden release of pressure caused by ttie complete extrusion of Uie tubular 
member 1 1 lOolfofthe expandable mandrel 1 105 can be minimized. Inapreferred 
embodiment, tiie operating pressure of tfie fluidic material 1 161 is reduced in a 
25 substantially linear fashion from 100% to about 10% during tiieend of tiie extmsion 
process beginning when ttie mandrel 1 105 has completed approximately all but 
about 1.524m (5 feet) of ttie extiiision process. 

Altematively, or in combination, a shock absoiber is provided in ttie support 
member 1150 in order to absorb ttie shock caused by the sudden release of 
30 pressure. 



Alternatively, or in combination, a mandrel catching structure isprovided in 
the upper end portion of the tubular member 1 1 10 in order to catch or at least 
decelerate the mandrel 1 105. 

Refening to Fig. lOf, once the extrusion process is completed, the 
5 expandable mandrel 1105 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1 105. 
the integrity of the fluidic seal of the joint between the upper portion of the tubular 
member 1110 and the upper portion of the tubular liner 1108 is tested using 
convenUonal methods. If the fluidic seal of the Joint between the upper portion of 
10 the tubular member 1110 and the upper portion of the tubular liner 1008 is 
satisfactoiy, then the uncured portion of the material 1 160 within the expanded 
lubularmember 1 1 lOis then removed in a conventional manner. Hie material 1 160 
within the annular region between the tubular member 1 1 1 0 and the tubular liner 
1008 is then allowed to cure. 

15 AsiUustratedinFig. lOf.preferablyany remaining cured material 1 160within 
the interior of the expanded tubular member 1110 is then removed in a 
conventional manner using a conventional drill string. The resulting tie-back liner 
of casing 1 1 70 includes the expanded tubular member 1 1 1 0 and an outer annular 
layer 1 175 of cured material 1 160. 

20 AsiUustratedinFig. 1 Og, the remaining bottom portion of ttie apparatus 1100 

comprising the shoe 1 1 15 and packer 1 155 is then preferably removed by drilling 
out the shoe 1 1 1 5 and packer 1 1 55 using conventional driUing metfiods. 

Inaparticularlyprefened embodiment, the apparatus 1 lOOincpipoiatesthe 
apparatus 900. 

25 RefeningnowtoFigs. Ha-l If. an embodiment of an apparatus and method 
for hanging a tubular liner off of an existing wellbore casing wUI now be described. 
As Illustrated In Fig. 1 1 a. a weUbore 1 200 is positioned in a subterranean fonnation 
1205. The wellbore 1200 includes an existing cased section 1210 having a tubular 
casing 1215 and an annular outer layer of cement 1 220. 

30 In order to extend the wellbore 1200 into the subtenanean formation 1205. 
a drill string 1225 is used in a well known manner to drill out material from the 
subten^nean fomiatlon 1205 to fonm a new section 1230. 
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As aiustrated in Fig. 1 lb, an apparatus 1300 for fonning a wellbore casing in 
asubtenanean fonnation is then positioned in the new section 1230of the wellbore 
100. The apparatus 1300 preferably Includes an expandable mandrel or pig 1305, 
a tubular member 1310, a shoe 1315, a fluid passage 1320, a fluid passage 1330, a 
5 fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
member 1 345. The expandable mandrel 1 305 is preferably adapted to controUably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modifled in 
10 accordance with the teaddngs of the present disclosure. In a prefen^d 
embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 
substantially as disclosed in U.S. Pat. No. 5.348,095, the disclosure of which is 
incoiporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

1 5 The tubular member 1310 Is coupled to and supported by the expandable mandrel 

1 305. The tubular member 1 3 1 0 is preferably expanded in the radial direction and extruded 
off of the expandable mandrel 1 305. The tubular member 1310 may be fabricated from any 
number of materials such as, for example. Oilfield Country Tubular Goods (OCTG), 13 
chromium steel tubing/casing or plastic casing. In a preferred embodiment, the tubular 

20 member 1310 is fabricated from OCTG. The inner and outer diameters of the tubular 
meml>er 1310 may range, for example, from approximately 1 .905 to 1 1 9.38 cms (0.75 to 47 
inches) and 2.667 to 121.92 cms (1.05 to 48 inches), respecth^ely. In a preferred 
embodiment, the inner and outer diameters of the tubular member 1310 range from about 
7.62 to 39.37 cms (3 to 15.5 inches) and 8,89 to 40.64 cms (3.5 to 16 inches), respecthrely 

25 In order to optimally provide minimal telescoping effect In the most commonly 
encountered wellbore sizes. 

In a preferred embodiment, the tubular member 1310 includes an upper portion 
1 355, an intennediate portion 1 360, and a lower portion 1365. In a preferred embodiment, 
the wall thickness and outer diameter of the upper portion 1355 of the tubular member 

30 1310 range from about 0.375 to 3.81 cms (3/8 to 1 V5 inches) and 8.89 to 40.64 cms (3 W to 
16 inches), respectively. In a preferred embodiment, the wall thickness and outer 
diameter of the intermediate portion 1360 of the tubular member 1310 range from about 
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1.5825 to 1.905 cms (0.625 to 0.75 inches) and 7.62 to 48.26 cms (3 to 19 inches), 
respecth^ely. In a prefen^ed embodiment, the wall thickness and outer diameter 
of the lower portion 1365 of the tubular member 1310 range from about 0.375 to 
3.81 cms (3/8 to 1.5 inches) and 8.89 to 40.64 (3.5 to 16 inches), respectively. 
5 In a particularly preferred embodiment, the wall thickness of the 

intenmediate section 1360 of the tubular member 1310 is less than or equal to the 
wall thickness of the upper and lower sections, 1355 and 1365, of the tubular 
meml>er 1310 in order to optimally faciliate the initiation of the extmsion process 
and optimally permit the placement of the apparatus in areas of the wellbore having 

10 tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
preferred embodiment, the upper end p)ortion 1 355 of the tubular member 131 0 is 
slotted, perforated, or otherwise modified to catch or slow down the mandrel 1305 
when it completes the extmsion of tubular memt)er 1310. In a preferred 

15 embodiment, the length of the tubular member 1310 is limited to minimize the 
possibility of buckling . For typical tubular member 1310 materials, the length of the 
tubular member 1310 is preferably limited to between about 40 to 20,000 feet in 
length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
20 preferablyincludes fluid passages 1330and 1335. Theshoe 1315 may comprise any 
number of conventional commercially available shoes such as, for example. Super 
Seal II float shoe, Super SeaA II Down-Jet float shoe or guide shoe with a sealing 
sleeve for a latch-down plug modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
25 aluminum down*jet guide shoe with a sealing sleeve fora latch-down plug available 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 
teachings of the present disck>sure, in order to optimally guide the tubular member 
1310 into the wellbore 1200, optimally fluidlcly isolate the interior of the tubular 
member 1310, and optimally permit the complete drill out of the shoe 1315 upon 
30 the completion of the extmsion and cementing operations. 

In a preferred embodiment, the shoe 1315 further includes one or more side 
outlet ports in fluidic communication v^th the fluid passage 1330. In this manner, 
the shoe 1315 preferably injects hardenable fluidic sealing material into the r^ion 



outside the shoe 1315 and tubular member 1310. In a preferred embodiment, the 
shoe 13I5includes the fluid passage 1330 having an inletgeometiythat can recent 
a fluidic sealing member. In this manner, the fluid passage 1 330 can be sealed off 
by introducing a plug, dart and/or ball sealing elements into the fluid passage 1330. 
5 The fluid passage 1 320 permits fluidic materials to be transported to cind from 

the interior region ofthe tubular member 1310 below Uie expandable mandrel 1305. 
The fluid passage 1320 is coupled to and positioned within the support member 
1345 and the expandable mandrel 1305. The fluid passage 1320 preferably extends 
from a position adjacent to the surface to the bottom of the e;q>andable mandrel 
10 1305. The fluid passage 1320 is preferably positioned along a centeriine of the 
apparatus 1 300. The fluid passage 1 320 is preferably selected to transport materials 
such as cement, drilling mud, or epoxies at flow rates and pressures ranging from 
about 0 to 1 1356.2355 litres/minute (0 to 3,000 gallons/minute) and 0 to 620.52813 
bar (0 to 9,000 psi) in order to optimally provide sufficient operating pressures to 
15 circulate fluids at operationally efficient rates. 

The fluid passage 1 330 permits fluidic materials to be transported to and from 
the region exterior to the tubular member 1310 and shoe 131 5. The fluid passage 
1330 is coupled to and positioned within the shoe 1315 in fluidic communication 
with the interior region 1370 of the tubular member 1310 below the expandable 
20 mandrel 1305. The fluid passage 1330 preferably has a cross-sectional shape that 
permits a plug, or other similar device, to be placed in fluid passage 1 330 to thereby 
block further passage of fluidic materials. In this manner, the interior region 1370 
of the tubular member 1310 below the expandable mandrel 1305 can be fluidiciy 
isolated from the region exterior to the tubular member 1310. This permits the 
25 interior r^ion 1370 of the tubular member 1310 below the expandable mandrel 
1305 to be pressurized. The fluid passage 1330 is preferablypositioned substantially 
along the centeriine of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
30 to 1 1356.2355 litres/minute (0 to 3,000 gallons/minute) and 0 to 620.52813 bar (0 to 
9,000 psi) in order to optimally fill the annular region between the tubular member 
1310 and the new section 1230 of the wellbore 1200 with fluidic materials. In a 
preferred embodiment, the fluid passage 1330 
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includes an inlet geomeliy that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed off by introducii^ a plug, dart 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 pennils fluidic materials to be transported to and from the 

5 region exterior to the tubular member 1310 and shoe 1315. The fluid passage 1335 is 
coupled to and positioned within the shoe 1315 in fluidic communication with the fluid 
passage 1330. The fluid passage 1335 is preferably positioned substantially along the 
centeriine of the apparatus 1300. The fluid passage 1335 is preferably selected to convey 
materials such as cement, drilling mud or epoxies at flow rates and pressures ranging from 

10 aboulOto 11356.23551itres/mlnute(0to3,000gallons/minute)and0to620.52813bar(0to 
9,000 psi) in order to optimally All the annular region between the tubular member 1310 
and the new section 1230 of the wellbore 1200 with fluidic materials. 

The seals 1 340 are coupled to and supported by the upper end portion 1 355 
of the tubular member 1310. The seals 1340 are hirther positioned on an outer 

15 surfaceoftheupperendportionl355ofthetubularmemberI310. Thesealsl340 
permit the overlapping joint between the lower end portion of the casing 1215 and 
the upper portion 1355of the tubular memt>er 1310 to be fluidicly sealed. Theseals 
1340 may comprise any number of conventional commercially available seals such 
as, for example, lead, mbber, Teflon™, or epoxy seals modified in accordance with 

20 the teachings of the present disclosure. In a preferred emtxKiiment, the seals 1340 
comprise seals molded from Stratalock epoxy available from Halliburton Energy 
Sendees in Dallas, TX in order to optimally provide a hydraulic seal in the annulus 
of the overlapping joint while also creating optimal load t>earing capability to 
withstand typical tensile and compresshre loads. 

25 In a preferred embodiment, the seals 1 340 are selected to optimally provide 

a sufficient frictional force to support the e7q>anded tubular member 1310 from the 
existing casing 1215. In a preferred embodiment, the frictional force provided by 
the seals 1340 ranges from about 68.94757 to 68,947.57 bar (1 ,000 to 1 ,000,000 IbO 
in order to optimally support the expanded tubular member 1310. 

30 The support member 1345 is coupled to the expandable mandrel 1305, tubular 

member 1310, shoe 1315, and seals 1340. The support member 1345 preferably comprises 
an armular member having sufficient strength to cany the apparatus 1300 into the new 
section 1230 of the wellbore 1200. In a preferred 
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embodiment, the support member 1 345 further includes one or more conventional 
centralizers (not illustrated) to help stabilize the tubular member 1310. 

In a preferred embodiment, the support member 1 345 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1300. In this manner, 
5 the introduction of foreign material into the apparatus 1300 is minimized. This 
minimizes the possibility of foreign material clogging the various flow passages and 
valves of the apparatus 1300 and to ensure that no foreign material interferes with 
the expeuision process. 

The wiper plug 1 350 is coupled to the mandrel 1 305 within the interior region 

10 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid passage 
1 375 that is coupled to the fluid passage 1 320. The v^per plug 1 350 may comprise 
one or more conventional commercially available wiper plugs such as, for example, 
Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or three-wiper 
latch-down plug modified in accordance with the teachings of the present 

1 5 disclosure. In a preferred embodiment, the wiper plug 1 350 comprises a Multiple 
Stage Cementer latch-down plug available from Halliburton Energy Services in 
Dallas, TX modified In a conventional manner for releasable attachment to the 
expansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 1300 

20 within the new section 1 230 of the wellbore 1 200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located vdthin the 
wellbore 1200 that might clog up the various flow passages and vah^es of the 
apparatus 1300 and to ensure that no foreign material interferes with the extrusion 
process. 

25 As illustrated in Fig. 1 Ic, a hardenable fluidic sealing material 1380 is then 
pumped from a surface location into the fluid passage 1 320. The material 1 380 then 
passes from the fluid passage 1320, through the fluid passage 1375, and into the 
interior region 1370 of the tubular member 1310 below the expandable mandrel 
1305. The material 1380 then passes from the interior region 1370 into the fluid 

30 passage 1 330. The material 1380 then exits the apparatus 1300 via the fluid passage 
1 335 and fills the annular region 1 390 between the exterior of the tubular member 
1310 and the interior wall of the new section 1230 of the wellbore 1200. Continued 
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^ pumping of the material 1380 cauies the materiai isfio'td fill up at least a portion 
of the annular region 1390. 

The material 1 380 may be pumped Into the annular region 1 390 at pressures 
and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) 
5 and 0 to 5678.1177 litres/minute (0 to 1,500 gallons/min), respecUvely. In a 
prefen-ed embodiment, the material 1380 is pumped into the annular region 1390 
at pressures and flow rates ranging from about 0 to 344.73785 bar (0 to 5000 psI) 
and 0 to 5678.1 177 Utres/minute (0 to 1,500 gallons/min), respectively, in order to 
optimally fiU the annular region between the tubular member 1310 and the new 

10 section 1230ofthe wellbore 1200 with the hardenablefluidic sealing material 1380. 
The hardenable fluidic sealing material 1380 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a prefened embodiment, the 
hardenable fluidic sealing material 1380 comprises blended cements designed 

1 5 specifically for the weU section being driUed and available from Halliburton Energy 
Services in order to optimally provide support for ttie tubular member 1310 during 
displacement of Uie material 1380 In tfie annular region 1390. The optimum blend 
of ttie cement is preferably determined using conventional empirical mettiods. 

The annular region 1390 prefeiablyis filled Witt! Oie material 1380 in sufficient 
20 quantities to ensure that, upon radial expansion of tiie tubular member 1 310, tiie 
annular region 1390ofUie new section 1230 of ttie wellbore 1200 will be filled wiUi 
material 1380. 

AsiUustratedinFig. I Id, once tiie annular region 1390 has been adequately 
filled witti material 1380, a wiper dart 1395, or other similar device, is Introduced 
25 into ttie fluid passage 1320. TTie wiper dart 1395 is preferably pumped ttirough ttie 
fluid passage 1320 by anon hardenable fluidic material 1381. The wiper dart 1395 
ttien preferably engages ttie wiper plug 1350. 

As iUustrated in Fig. 1 le. in a preferred embodiment, engagement of ttie 
wiper dart 1395 witti ttie wiper plug 1350 causes ttie wiper plug 1350 to decouple 
30 from tiie mandrel 1305. The wiper dart 1395 and wiper plug 1350 then preferably 
will lodge in Uie fluid passage 1330, ttiereby blocking fluid flow ttirough ttie fluid 



passage 1330, and fluidicly isolatihi^ the interiof 're^n *l370 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
5 becomes sufficient^ pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. During the extrusion process, the expandable mandrel 
1306 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the yiv^ dart 1396 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1396 may comprise any number of 
conventional commercially available devices from plugging a fluid passage such as, 
for example. Multiple Stage Cementer latch-down plugs. Omega latch-down plugs 
or three wiper latch-down plug/dart modified in accordance with the teachings of 
15 thepresent disclosure. In apreferred embodiment, the wiper dart 1396 comprises 
a three wiper latch-down phig modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 
20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 344.73785 bar (0 to 5000 psi) and 0 to 5678.1 177 lit^s/minute (0 to 
1 500 gaUom/min) in order to optimally extrude the tubular member 1 3 1 0 off of the 
mandrel 1305. In this mamier. the amount of hardenable fluidic material within the 
2g mterior of the tubular member 13 1 0 is minimized. 

In a preferred embodiment, after blocking the fluid passage 1330. the non haidenable 
flmdic znaterial 1381 is prefexably pumped into the interior region 1370 at pressures and flow 
rates ranging from approximately 34.473 to 620.52813 bar (500 to 9.000 psi) and 151.4164 to 
11356.2355 litres/minute (40 to 3.000 gallons/min) in order to optimally provide operating 
pressures to maintain the expansion process at rates sufficient to pemut adjustments to be made 
30 ™ operating parameters during the extrusion process. 
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Fortypical tubular membdi^ isiO, the&Orusiohof the tubular member 1310 
off of the expandable mandrel 1305 will begin when the pressure of the interior 
region 1370 reaches, for example, approximately 34.473 to 620.52813 bar (500 to 
9,000psi). In a prefen^ed embodiment, the extnisionofthe tubular member 1310 
5 off of the expandable mandrel 1 305 is a function of the tubular member diameter, 
wall thickness of the tubular member, geometry of the mandrel, the type of 
lubricant, the composition of the shoe and tubular member, arid the yield strength 
of the tubulcir member. The optimum flow rate and operating pressures are 
preferably determined using conventional empirical methods. 
10 During the extmsion process, the expandable mandrel 1305 may be raised out of 

the e]q}anded portion of the tubular member 13 10 at rates ranging, for example, from about 
0 to 1 .524 m/s (0 to 5 ft/sec). In a preferred embodiment, during the extrudon process, the 
expandable mandrel 1305 may be raised out of the expanded portion of the tubular 
member 13 10 at rates ranging from about 0 to 0.6096m/s ( 0 to 2 ft/sec) in order to <q}timally 
15 provideanefficientprocess, qptimaDypermit operate^' adjustment of operation paiameters, 
and ensure optimal completion of the extrusion process before curing of the material 1 380. 

When the upper end portion 1355 (tf the tubularmember 13IOisextnidedofrof the 
expandable mandrel 1305, the outer surface of the upper end portion 1355 of the tubular 
member 1310 win preferably contact the interior surface of the lower end portion of the 
20 casing l2l5toformanfluidtightoveiian>ingjdnL The contact pressure of the overi2q>ping 
Icrinl may range, for examine, from ^proximately 3.447379 to 1 .278.9514 bar (50 to 20,000 
psl). In a piefened embodiment, the contact pressure of the overiapping joint ranges from 
approximately 27.579028 to 689.4757 bar (400 to 10,000 psi) in order to optimally provide 
contact pressure sufficient to ensure annular sealing and provide enough resistance to 
25 withstand typical tensUe and compresshfe loads. In a particulariyprefened embodiment, 
the sealing members 1340 will ensure an adequate fluidic and gaseous seal in the 
oveHapping joint 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fluidic material 1381 is controUably ramped down when the expandable 

30 mandrel 1305 reaches the upper end portion 1355 of the tubular member 1310. In this 
manner, the sudden release of pressure caused by the complete extrusion of the tubular 
member 1310 off of the expandable mandrel 1305 can be minimized. In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion from 100% 
to about 10% during the end of the extrusion process beginning when the mandrel 1305 has 

35 completed approximately all but about 1.524m (5 feet) of the extmsion process. 



Alternatively, or In combination, a shocKabsofli>er is provided in ttie support 
member 1345 in order to absorb ttie shoclc caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching stnicture is provided in 
5 the upper end portion 1 355 of the tubular member 1 3 1 0 in order to catch or at least 
decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removed from the welibore 1 200- In a preferred embodiment, either before or after 
the removal of the expandable mandrel 1305, tiie integrity of the fluidic seal of the 

10 overlapping joint between tiie upper portion 1355 of the tubular member ISlOand 
tiie lower portion of the casing 1215 is tested using conventional metiiods. If the 
fluidic seal of the overtapping joint between the upper portion 1 355 of tiie tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, ttien tiie 
uncured portion of tiie material 1380 within ttie expanded tubular member 1310 is 

15 then removed in a conventional manner. The material 1380 within the annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. 1 If, preferably any remaining cured material 1380 within 
the interior of tiie expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 

20 of casing 1400 includes ttie expanded tubular member 1 310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of tiie apparatus 1300 
comprising tiie shoe 1315 may then be removed by drilling out the shoe 1315 using 
conventional drilling methods. 

A metiiod of creating a casing in a lx>rehole located in a subterranean 

25 formation has been described that includes installing a tubular liner and a mandrel 
in the borehole. A body of fluidic material is then injected into the borehole. The 
tubular liner is then radially expanded by extmding the liner off of tiie mandrel. The 
injecting preferably includes injecting a hardenable fluidic sealing material into an 
annular region located between the borehole and the exterior of the tubular liner; 

30 and a non hardenable fluidic material into an interior region of the tubular liner 
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below the mandiel. The method prdfeiably iriaudes'fiuiaicly isolating the annular 
region from the interior region before injecting the second quantity of the non 
hardenable sealing material into the interior region. The injecUng the hardenable 
fluidic sealing material is preferably provided at operating pressures and flow rates 
5 ranging from about 0 to 344.73785 bar (0 to 5000 psi) and 0 to 567. 1 1 77 litres/minute 
(0 to 1,500 gallons/min). The injecting of the non hardenable fluidic material is 
preferablyprovided at operating pressures and flow rates ranging from about 34.473 
to 620.52813 bar (500 to 9000 psi) and 151 .4164 to 1 1356.2355 litres/minute (40 to 
3,000 gallons/min). The Injecting of the non hardenable fluidic material is 
10 preferably provided at reduced operatii^ pressures and flow rates dwing an end 
portion of the extrudii^. The non hardenable fluidic material is preferably injected 
below the mandrel. The method preferably includes pressurizing a region of the 
tubular liner below the mandrel. The region of the tubular Hner below the mandrel 
is preferably pressurized to pressures ranging from about 34.473 to 620.52813 bar 
15 (500 to 9,000 psi). The method preferably includes fluidicly isolating an interior 
region of the tubular liner from an exterior region of the tubular liner. The method 
further preferably includes curing the hardenable sealing material, and removing 
at leasta portion of the cured sealing material locatcKl within the tubular liner. The 
method further preferably includes overlapping the tubular liner with an ensting 
20 wellbore casing. The method further preferably includes sealing the overiap 
between the tubular liner and the existing wellbore casing. The method further 
preferably includes supporting the extruded tubular liner using the overlap ymih the 
existing wellbore casing. The method further preferably includes testing the 
integrity of the seal in the overiap between the tubular liner and the existing 
25 wellbore casing. Themethodfiirtherpreferablyincludesremovingatleastaportion 
of the hardenable fluidic sealing material within the tubular liner before curing. The 
method further preferably inchides lubricating the surface of the mandrel. The 
method further preferably includes absorbing shock. The method further preferably 
includes catching the mandrel upon the completion of the extniding. 
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( An apparatus for creating a ciasiiig in a borehole located in a subterranean 

formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and includes a second fluid passage. 
5 The tubular member is coupled to the mandrel. The shoe is coupled to the tubtdar 
liner and includes a third fluid passage. The furst, second and third fluid passages 
are operably coupled. The support member preferably ftuiiier includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 
10 absorber* The support member preferably includes one or more sealing members 
adapted to prevent foreign material from entering an interior region of the tubular 
member. The mandrel is preferably eicpandable. The tubular member is 
preferably fabricated.from materials selected from the group consisting of Oilfield 
Country Tubular Goods, 13 chromium steel tubin^^casing, and plastic casing. The 
15 tubular mezobcr preferably has inner and outer diameters ranging from about 7.62 to 39.37 cms (3 to 15.5 
inches) and 8.89 to 40:64 cms (3.5 to 1 6 tnches)» respecttveJy. The tubular member preferably has a plastic 
yield point ranging from about 275.9028 to 9307.92195 bar (40.000 to 135,000 psi). The tubular 

member preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubtdar member preferably includes a catching member at an end 
portion for slowing down the mandrel. The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a firat tubular member, the 
25 first tubular member having an imier diameter grRatgr thnr^ fin ont-CT c^iP^'Pt^r of 
the second tubular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurizing a 
portion of the interior region of the second tubular member; and extruding the 
30 second tubular member ofif of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 
^ tubular member is preferably provided at operating pressures ranging firom about 
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( 34.473 to 620.528 1 3 bar (500 to 9,000 psQ. 'Eiy prcssmiziDg of tie portion of Ihc interior region of the 

second tubxilar member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. The method further preferably includes 
sealing the overlap between the first and second tubular members. The method 
5 further preferably includes supporting the extruded first tubular member using 
the overlap with the second tubular member. The method further preferably 
includes lubricating the surface of the mandrel. The method flirther preferably 
includes absorbing shock. 

A liner for use in creating a new section of wellbore casing in a subterranean 
10 formation adjacent to an already existing section of wellbore casing has been 
described that includes an annular member. The anmilar member includes one or 
more sealing members at an end portion of the annular member, and one or more 
pressure relief passages at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular liner and an 
15 annular body of a cured fluidicsealingmaterial. The tubular liner is formed by the 
process of extruding the tubular liner off of a mandrel. The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the wellbore, and pressurizing an interior portion of the tubular liner. The 
annular body of the cured fluidic sealing material is preferably formed by the 
20 process of injecting a body of hardenable fluidic sealing material into an nnmilflr 
region external of the tubular liner. During the pressurizing, the interior portion 
of the tubular liner is preferably fluidicly isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 
to pressures langing from about 34.473 to 620.52813 bar (500 to 9,000 psi). The tubular liser preferably 
25 overlaps with an existing wellbore casing. The wellbore casing preferably further 
includes a seal positioned in the overlap between the tubular liner and the t^^af in g 
wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
30 borehole has been described that includes installing a tubular liner and a mandrel 
within the wellbore casing, injecting a body of a fluidic material into the borehole, 
pressurizing a portion of an interior region of the tubular liner, and radially 



• • • •• • 

• • « • 

« ■ • • • • • • 

• • • t • • • 

( ei^anding the liner in the borehole by estruding the liner off of the mandrel. In 
a preferred embodiment, the fluidic material is selected from the group consisting 
of slag cement, drilling mud, and epojcy. In a preferred embodiment, the 
method further includes iltudicly isolating an interior region of the tubular liner 
5 from an exterior region of the tubular liner. In a preferred embodiment, the 
injecting of the body of fluidic material is provided at operating pressures and flow 

rates ranging 6om about 34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 113562.355 
* litres/minute (40 to 3,000 gallons/min). In a prefezred enobodiosent, the injecting of the body of fluidic 
material is provided at reduced operating pressures and flow rates during an end portion of die extruding. 

10 In a preferred embodiment, the fluidic material is injected below the mandrel. In 
a preferred embodiment, a region of the tubular liner below the mandrel is . 
pressurized. In a preferred embodiment, the region of the tubular liner below the 

mandrel is pressurized to pressiires ranging fiom about 34.473 to 620.52813 bar (500 to 9»000 psi). In a 

preferred embodiment, the method fiirther includes overlapping the tubular liner 
15 with the existing wellbore casing. In a preferred embodiment, the method fiirther 
includes sealing the interface between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method fiirther includes supporting the 
extruded tubular liner using the eidsting wellbore casing. In a preferred 
embodiment, the method further includes testing the integrity of the seal in the 
20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further includes lubricating the surface of the 
mandrel. In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 

25 method further includes expanding the mandrel in a radial direction. 

A tie-back liner for Iming an existing weUbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidic sealing 
material. The tubular liner is formed by the process of extruding the tubular liner 
off of a mandrel. The annular body of a cured fluidic sealing material is coupled 

30 to the tubular liner. In a preferred embodiment, the tubular liner is formed by the 
process of placing the tubular liner and mandrel within the wellbore, and 

. pressurizing an interior portion of the tubular liner. In a preferred embodiment, 
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during the pressurizing, the inferior portion of the tubular liner is fluidicly isolated 
fromanexteriorportionof the tubularliner. In a preferred embodiment, the interior 
portion of the tubular liner is pressurized at pressures ranging from about 34.473 to 
620.52813 bar (500 to 9,000 psi). In a preferred embodiment, the annular body of 
5 a cured fluidic sealing material is formed by the process of injecting a body of 
hardenable fluidic sealing material into an annular region between the existing 
wellbore casing and the tubular liner. In a preferred embodiment, the tubular liner 
overlaps with another existing wellbore casing. In a preferred embodiment, the tie- 
back liner further includes a seal positioned in the overlap between the tubular liner 

10 and the other existing wellbore casing. In a preferred embodiment, tubular liner is 
supported by the overlap with the other existing welIl>ore casing. 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular meml>er, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 

15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular memt>er is coupled to the mandrel. 
The shoe is coupled to the tubular meml>er. The shoe includes a third fluid passage 
operabty coupled to the second fluid passage, an interior portion, and an exterior 

20 portion. The interior portion of the shoe is drillable. Preferably, the interior portion 
of the mandrel includes a tubular meml>er and a load bearing meml>er. Preferably, 
the load t>earing member comprises a drillable body. Preferably, the interior 
portion of the shoe includes a tubular member, and a load bearing member. 
Preferably, the load l)earing member comprises a drillable body. Preferably, the 
exterior portion of the mandrel comprises cui expansion cone. Preferably, the 
expansion cone is fabricated from materials selected from the group consisting of 
tool steel, titanium, and ceramic. Preferably, the expansion cone has a surface 
hardness ranging from about 58 to 62 Rockwell C. Preferably at least a portion of 
the apparatus is drillable. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated 
in the foregoing disclosure. In some instances, some features of the present 
invention may be employed without a corresponding use of the other features. 



Accordingly, it is appropriate that the appended claims be construed broadly and 
in a manner consistent with the scope of the invention. 



CLAIMS 



1. A tubular liner, comprising: 

a first tubular portion having a first inside 
5 diameter; 

a second tubular portion having a second inside 
diameter; 

an intermediate tapered tubular portion for 
coupling the first and second tubular portions to each 
10 other; and 

one or more sealing members coupled to the 
exterior surface of at least one of the tubular 
portions; 

wherein the first inside diameter is greater than 
15 the second inside diameter and 

wherein at least one of the first and second 
tubular portions define one or more pressure relief 
passages . 

20 2. The liner of claim 1, wherein the ti±>ular liner is 
fabricated from materials selected from the group 
consisting of: 

automotive grade steel, plastic, and chromium 
steel. 

25 

3. The liner of claim 1, wherein the tiibular liner 
includes an outer diameter and a wall thickness ranging 
from 8.89 cms to 48.26 (3,5 to 19 inches) and 0.3175 to 
3.175 cms (1/8 to 1.25 inches), respectively. 

30 

4. The liner of claim 1, wherein the length of the 
liner ranges from 12.192 to 6.096 m (40 to 20,000 
feet) . 

35 5. The liner of claim 1, wherein the wall thickness 
and outside diameter of the second tubular portion 



ranges from 0.375 to 3.81 cms (3/8 to 1.5 inches) and 
8.89 to 40.64 cms (3.5 to 16 inches), respectively. 

6. The liner of claim 1, wherein the wall thickness 
and outside diameter of the tapered tubular portion 
ranges from 0.3175 to 3.175 cms (1/8 to 1.25 inches) 
and 8.89 to 48.26 cms (3.5 to 19 inches), respectively. 

7. The liner of claim 1, wherein the wall thic)aiess 
and outside diameter of the first tubular portion 
ranges from 0.3175 to 3.175 cms (1/8 to 1.25 inches) 
and 8.89 to 48.26 cms (3.5 to 19 inches), respectively. 

8. The liner of claim 1, wherein the first tubular 
portion has a first wall thickness; 

wherein the second tubular portion has a second 
wall thickness; and wherein the first wall thickness is 
less than the second wall thickness. 

9. The liner of claim 1, wherein the second tubular 
portion includes one or more radial passages. 

10. A tubular liner, comprising: 

a first tubular portion having a first inside 
diameter; 

a second tubular portion coupled to the first 
tubular portion having a second inside diameter; and 

a third tubular portion coupled to the second 
tubular portion having a third inside diameter; 

wherein the first and third inside diameters are 
both greater than the second inside diameter; 

wherein the second tubular portion includes one or 
more external sealing elements; and 

wherein at least one of the first and third 
tubular members define one or more pressure relief 
passages . 
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11. The liner of claim 10, wherein the first txibular 
portion has a first wall thickness; 

wherein the second tubular portion has a second 
wall thickness; 

5 wherein the third tubular portion has a third wall 

thickness; and 

wherein the first and third wall thicknesses are 
both less than the second wall thickness. 

10 12. The liner of claim 10, wherein the first and third 
tubular portions each include one or more radial 
passages. 

13. The liner of claim 1, wherein an end of the second 
15 tubular portion comprises one or more slots. 

14. The liner of claim 1, wherein an end of the second 
tubular portion comprises one or more perforations. 

20 15. The liner of claim 8, wherein the intermediate 
tapered tubular portion includes an intermediate wall 
thickness; and 

wherein the intermediate wall thickness is less 
than the second wall thickness. 

25 

16. The liner of claim 10, wherein an end of the first 
tubular portion comprises one or more slots. 

17. The liner of claim 10, wherein an end of the first 
30 tubular portion comprises one or more perforations. 

18. The liner of claim 10, wherein the first inside 
diameter is greater than both the second and third 
inside diameters. 



